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This investigation was carried on under a grant made by the Anti- 
tuberculosis Committee of the Associated Charities of Minneapolis, 
Minnesota. The plan of work was determined upon, and the investiga- 
tion supervised, by a special Committee on Spread of Infection. 
George Douglas Head, M.D., Associate Professor of Medicine, Uni- 
versity of Minnesota, Chairman. 



A STUDY ON THE SPREAD OF TUBERCULOSIS 

IN FAMILIES 

The special problem to be investigated in this study can be stated as 
follows : 

Given a known case of active tuberculosis in a family, what proportion 
of the individuals in that family show evidence of an infection with tu- 
berculosis ? 

The plan of investigation was outlined as follows: 

1st. Select a given number of families in each of which a case of 
pulmonary tuberculosis existed at the time of the investigation and which 
had been living for at least a year prior to the investigation in the home of 
each of these families. 

2d. Prove the case to be one of tuberculosis by the finding of tubercle 
bacilli in the sputum or other excreta. 

3d. Make a careful scientific study of all the individuals in these 
families and determine which of them show evidence of tuberculous in- 
fection. 

4th. Make a similar study in a given number of families in which 
no persons with tuberculosis had been found, and compare these findings 
with the findings in the tuberculous families. 

Material for the investigation was procured from three sources: (1) 
cases under the care of the visiting nurses of the Associated Charities of 
Minneapolis; (2) cases under the care of the Health Department of the 
City of Minneapolis; and (3) cases under private care. 

Method of procedure and technique. — ^When a suitable case for study 
was found, it was first proved to be tuberculous by the demonstration 
of the presence of tubercle bacilli in the sputum. This was called the 
"center case," and so designated in the charts. All the individuals in 
the house directly exposed were examined and the name, address, date, 
age, sex, weight, height, nationality, occupation, social condition, general 
appearance, school attended, nutrition, and exposure (source and time 
of), were noted on the case card and a record kept. 

The examination was made under the following heads: conforma- 
tion of thorax, glands, bones and joints, skin, throat, lungs, other lesions, 
sputum, pulse, temperature, and respiration. In addition to the physical 
examination, tuberculin tests were made in all cases. 

The Moro test, consisting of rubbing into the skin over the lower 
part of the sternum an ointment containing Koch's original tuberculin. 
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while frequently used, was not used alone, and was not relied on as dem- 
onstrating tuberculous infection. The results of the Moro tests have 
been disregarded in this report. 

The Von Pirquet test, which consists of making three scarifications 
about one inch apart on the skin of the arm and applying to two of them 
Koch's original tuberculin, leaving the center one as a control, was used 
in all cases. 

The Subcutaneous test, which consists of injecting subcutaneously 
Koch's original tuberculin, was used where possible. On account of the 
character of the material used in the study it was impracticable to use this 
test in as many cases as was at first planned on account of the difficulty 
of persuading people to submit themselves to this test. 

The cases in which the Moro and Von Pirquet tests were used were 
all inspected after the lapse of forty-eight hours. A positive reaction to 
the Moro test is a diffuse redness of the skin with discrete papulation 
over the area to which the innunction is applied and the time of appear- 
ance is from twenty-four to forty-eight hours after its application. A 
positive reaction to the Von Pirquet test is a conspicuous redness about 
the points to which the tuberculin is applied, together with slight thicken- 
ing, and possibly papulation, of the skin in the same area. The extent and 
brilliance of these reactions vary with the character of the case, but any 
conspicuous redness with swelling, with or without papulation, is classed 
as a positive reaction. A positive reaction to the subcutaneous test is 
the occurrence of a rise in temperature, other causes being eliminated, and 
a feeling of malaise, headache, backache, etc., during the first or second 
twenty-four-hour period following the injection. 

A positive case of tuberculosis taken as the center case is indicated 
in the group diagrams by the large heavy circle, with initial, age, and + 
sign. Thus, 




= father, positive, age 46 years. 



The other positive cases of the group are indicated by smaller heavy circles 
enclosing relationship initial, -|- sign, and age, and are connected with the 
center case circle with a light line. Thus, 
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The negative cases of the group, or those showing no evidence of in- 
fection, are indicated by a square containing the relationship initial, — 
sign, and age, and connected with the center case circle by a light line. 
Thus, 






The members of the group not seen are indicated by a small lighter 
circle containing the relationship initial, sign, and age, and are connected 
to the center case circle by a heavy line. Thus, 





The letters used are : H = husband, W = wife, F = father, M = 
mother, S = son, D = daughter, etc., and indicate the relationship of the 
individual to the center case. 

Some of the group cards have for the center case individuals who 
were dead at the time of the investigation. These were all undoubted 
cases of tuberculosis. All others classed as positive center cases were 
proved open cases by the finding of tubercle bacilli in the sputum. 

In addition to the ten non-tuberculous families found during the inves- 
tigation, all of whom were under observation as tuberculous families or 
suspects, five other non-tuberculous families were selected and subjected 
to the same examination and tests as the tuberculous families and were used 
as controls. 

For convenience the groups are reported in alphabetical order rather 
than in the order in which the work was done. The first thirty-three center 
cases described are classed as open cases, as in all of them tubercle bacilli 
were demonstrated in the sputum or the center case was dead of tubercu- 
losis. 



Simeon, A., 11th Avenue South. December 18, 1911. 

Far-advanced case of pulmonary tuberculosis. Tubercle bacilli present 
in sputum in g^eat numbers. Was taken sick two years ago with pleurisy 
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and was told that he had an abscess of the lung. No tubercle bacilli were 
demonstrated in the sputum at that time. Six mcmths after the onset of 
disease he left home and lived for nearly a year in Arizona. After three 
months in Arizona tubercle bacilli were found in his sputum. He returned 
home nine months ago to die and on his return the first history of a definite 
exposure can be traced to his family. 

Mrs. Ida A., his wife, a large, strong looking woman, with well- 
formed chest; has no sign of tuberculous infection except a positive Von 
Pirquet test. On account of her husband's sickness she was not willing to 
undergo further tuberculin tests. 

Ellsworth A., son, 11 years, shows several enlarged cervical glands, 
poor expansion of the chest, pulse 92, temperature 99.8, and gives a positive 
reaction to the Von Pirquet test. 

Harold A., son, 9 years, large and well-developed; shows several en- 
larged cervical glands, pulse 98, temperature 100, and g^ves a positive reac- 
tion to the Von Pirquet test. 

Ruth A., daughter, 7 years, large for her age but with rather poorly 
formed chest; shows enlarged tonsils, pulse 90, temperature 98.8, with 
positive reaction to the Von Pirquet test 

Ethel A., daughter, 4 years, of average size, well-nourished, with well- 
formed chest; shows several enlarged cervical glands, pulse 90, tempera- 
ture 99.2, and positive reaction to the Von Pirquet test. 

Three of the children were away from home for three months and 
one for five months during the time the father was at home. 




In this family are five individuals showing evidence of tuberculous 
infection. , 

Peter A., Mill Street. January 13, 1912. 

This patient was in the tuberculosis ward at the Minneapolis City 
Hospital in an advanced stage of pulmonary tuberculosis. He had lived 
at home nine months after tubercle bacilli had been fotmd in his sputum 
at the University Free Dispensary. 

This house is small, dark, unventilated, but clean. 
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Catherine A., wife, 42 years, a good-sized, robust woman; shows no 
sign of tuberculous infection except a positive Von Pirquet reaction. A 
subcutaneous tuberculin test was not permitted in this case. 

Anna A., daughter, 14 years, small for her age, well-nourished, with 
broad, short but stooped chest ; shows dullness over right upper and middle 
lobes posteriorly, fine rales in same area ; pulse 96, temperature 99.8, respir- 
ation 26, and a positive Von Pirquet reaction. She was sent to the Out- 
Patient Department of the University Hospital. 

John A., stepson, 12 years, large for his age, very well-built and well- 
nourished ; shows three enlarged cervical glands, pulse 84, temperature 100, 
and a positive Von Pirquet reaction. 

Mabel A., daughter, 11 years, small, well-nourished, with well-formed 
chest; shows two enlarged cervical glands, pulse 84, temperature 99.1, and 
a positive Von Pirquet reaction. 

Jimmy A., son, 2 years, large, well-nourished, well-built; has one en- 
larged cervical gland, pulse 120, temperature 99; shows a positive Von 
Pirquet reaction. 




There is evidence of tuberculous infection in each member of this 
family of five. 

Isaac A., 4th Street South. December 21, 1910. 

A patient in the Thomas Tuberculosis Hospital. He was removed 
from his home to the hospital within one month from the time tubercle 
bacilli were found in his sputum. He is 28 years old, tall, slender, fairly 
well-nourished, with long, narrow, round chest. Shows signs of pulmonary 
tuberculosis in small areas in both lungs and has tubercle bacilli in his 
sputum. First examination of family was made three months after tubercle 
bacilli were found in sputum. Second examination made six months later. 

House conditions : family living in two small, unventilated, untidy 
rooms. Diet fairly nourishing. Husband used sputimi cup after diagnosis 
was made up to the time he left home. 

Mary A., wife, 26 years, strong, well-nourished woman ; shows no evi- 
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dence of tuberculous infection; Von Pirquet test negative. Six months 
later Von Pirquet test again negative. 

Anna A., daughter, 5 years, of average size, well-nourished ; shows no 
signs of tuberculous infection ; negative to Von Pirquet test. Six months 
later shows positive reaction to Von Pirquet test. 

Earl A., son, 4 months, large, very well-nourished baby ; shows no signs 
of tuberculous infection, and is negative to the Von Pirquet test. Six 
months later g^ves a positive reaction to the Von Pirquet test. 

First Examination 




5 

4.mos 



Second Examination 




In this family of four, three showed no evidence of tuberculous infec- 
tion two months after first known exposure. Six months later two of these 
three showed evidence of tuberculous infection without further direct ex- 
posure. 

Mrs. B., 21st Avenue South. December 9, 1911. 

House conditions, four small, dark, dirty rooms, no ventilation. The 
woman died in this house after a sickness of over one year, about one 
month prior to this examination, of tuberculosis of the lungs. 

Father was not examined. 

Theresa B., daughter, 17 years, small, well-nourished; shows no signs 
of tuberculous infection and is negative to the Von Pirquet test. 

John B., son, 13 years, small, fairly well-nourished ; with few enlarged 
cervical glands and enlarged tonsils; has had recent attack of tonsilitis; 
no signs of pulmonary tuberculosis, but has signs of active pleuritis with 
effusion; pulse 90, temperature 99, respiration 26, positive reaction to the 
Von Pirquet test. 
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Ruth B., daughter, 10 years, tall, slender, fairly well-nourished, with 
poorly shaped chest; shows no evidence of tuberculous infection; Von 
Pirquet test negative. 

Josephine B., daughter, 5 years, short, fat, with well-formed chest, four 
enlarged cervical glands, enlarged tonsils, cogwheel respiration in lower 
left lobe posteriorly, pulse 90, temperature 99.4; reaction to Von Pirquet 
test positive. 

Harold B., son, 2 years, well-developed and well-nourished ; has several 
enlarged cervical glands ; pulse 120, temperature 100.2, respiration 30 ; Von 
Pirquet test negative ; has had whooping cough for two months. 




In this family of five children were two who present evidences of 
infection with tuberculosis. 



Mrs. A., 7th Street South. February 11, 1911. 

The center case in this group is a maternal aunt who lived a year in 
the household and died there at the end of that time of pulmonary tuber- 
culosis. The house was fumigated by the Health Department after her 
death, but had not been repainted or papered at the time of my last visit. 
The rooms are dark, unventilated, and overfurnished. The diet is whole- 
some. No sputum precautions were taken. 

One sister and two brothers-in-law were not seen. 

Marie, sister, 36 years, shows rales and increased fremitus in right 
middle lobe and gives a positive reaction to the Von Pirquet test. 

Arthur, nephew, 11 years, undersized, poorly nourished; has a poorly 
shaped chest and enlarged cervical glands; gives a positive reaction to 
the Von Pirquet test. 

Ame, nephew, 9 years, has a poorly shaped chest, enlarged cervical 
glands and tonsils, and shows distant breathing and pain in right base and 
altered voice in left base ; gives a positive reaction to the Von Pirquet test. 

Fred, nephew, 9 years, tall and slender, poorly nourished, with poor 
general appearance, long narrow chest, and enlarged cervical glands ; gives 
a positive reaction to the Von Pirquet test. 
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Myrtle, niece, 7 years, of average size, fairly well-nourished; shows 
rales, dullness, and increased vocal fremitus in left base ; has some enlarged 
cervical glands, pulse 96, temperature 99.4, and gives a positive reaction 
to the Von Pirquet test. 

Ingolf, nephew, 6 years, has had hemorrhages from the lungs and is 
reported by the City Health Department to have had tubercle bacilli in his 
sputum, though at the time of this examination he appeared to have little 
or no physical signs of disease but gives a positive reaction to the Von 
Pirquet test. 

There was another niece, a girl in this family, who was negative to 
the Von Pirquet test, but the rest of whose record is lost. 

Ingolf and Arne lived with their parents next door to the house in 
which the maternal aunt died. Their father and mother doing day work, 
these two boys spent most of their time playing with cousins in the house 
infected by the aunt and are therefore included in this family group. 




Of ten people in these two families, seven were examined and six of 
these showed evidence of infection with tuberculosis. 



F. J., East 17th Street. January 26, 1911. 

This was a far-advanced case of bilateral pulmonary tuberculosis of 
sixteen months' duration, with large numbers of tubercle bacilli in the 
sputimi. The family was living in a fairly comfortable flat which could 
not be properly ventilated. 

Emma J., wife, 30 years, was not examined, but submitted to the Von 
Pirquet test, which was positive. 

Lloyd J., son, 5 years, of average size, well-developed, and well-nour- 
ished; with some slight cervical glandular enlargement; Von Pirquet test 
negative. 
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Gerald J., son, 4 years, of average size, well-nourished child ; has several 
enlarged glands, rales in right apex and left base; reaction to the Von 
Pirquet test positive. 





In this family of four members, three show evidence of tuberculous 
infection. 

John C, 24th Avenue North. May 29, 1911. 

This man, 22 years old, well-developed, well-nourished; shows fairly 
advanced pulmonary tuberculosis and has tubercle bacilli in his sputum. 
His condition was diagnosed in September, 1910, nine months ago, but his 
history indicates an active trouble as far back as the sunmier of 1907. He 
has spent four months in Hopewell Tuberculosis Hospital, leaving there 
much improved several months ago to go to work. 

Caroline C, wife, 23 years, a small, spare, poorly nourished woman, 
with a long chest and slight cervical glandular enlargements; pulse 64, 
temperature 99 ; Von Pirquet test negative. 

Luveme C, daughter, 14 months, a strong, well-developed baby, well- 
nourished; shows slight cervical glandular enlargements and a positive 
reaction to the Von Pirquet test. 





In this family of three, there are two who show evidence of infection 
with tuberculosis. 



Mr. F., Thomas Avenue North. January 10, 1911. 

This man was not examined as he was an advanced case of pulmonary 
tuberculosis in the Thomas Hospital. He had tubercle bacilli in his sputum. 
He has since died. 

House conditions bad; four rooms poorly kept, diet fairly generous, 
children dirty, and kitchen badly kept. The husband used sputum cup 
while at home. 
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Carrie F., wife, 34 years, well-developed, well-nourished woman ; shows 
no physical signs of tuberculosis, gives a positive reaction to the Von 
Pirquet test, but is negative to the subcutaneous test. 

Ruth F., daughter, 8 years, fairly well-developed and nourished ; shows 
cervical glandular enlargement, gives a positive reaction to the Von Pirquet 
test. 

CliflFord F., son, 6 years, fairly well-nourished, undersized, with long 
constricted chest, many enlarged cervical glands, prolonged expiration in 
right base ; is negative to the Von Pirquet test. 

Gladys F., daughter, 4 years, well-developed, well-nourished child; 
shows no physical signs of tuberculosis, but gives a positive reaction to the 
Von Pirquet test. 




In this family of five, four individuals show evidence of tuberculous 
infection. 

Leonard H., 24th Avenue South. March 7, 1911. 

This boy, 22 years of age, was examined shortly before his death from 
pulmonary tuberculosis in the stunmer of 1910. Tubercle bacilli were pres- 
ent in his sputum. 

Hans H., father, 58 years, very tall and slender, stooped, with a long 
narrow chest; was examined one year ago, but was not seen at this time. 
He presents a typical picture of chronic fibroid phthisis and gives a history 
of cough and occasional hemorrhages for several years. He is now in the 
State Hospital for the Insane at Rochester. 

Martha H., mother, 50 years, strong, heavy woman ; is negative physi- 
cally, and negative to the Von Pirquet test. 

Qara H. E., sister, 25 years, tall, slender, poorly nourished, with poorly 
formed chest; shows crackling rales in left apex, and is negative to the 
Von Pirquet test. She appeared undoubtedly tuberculous and was referred 
to the University Free Dispensary, where a few months later the disease 
was demonstrated by the finding of tubercle bacilli in her sputum. 

Amanda H., sister, 22 years, tall and slender, poorly nourished, negative 
to physical examination ; gives a positive reaction to the Von Pirquet test 

Herman H., brother, 19 years, tall, slender, poorly nourished, with 
poorly shaped chest, poor lung expansion, and evidence of an old pleuritis 
in right lung; gives a positive reaction to the Von Pirquet test. 
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Gertmde H. B., sister, 18 years, strong, well-nourished woman, with 
well-formea ^hest; negative to physical examination, and gives a positive 
reaction to the Von Pirquet test. 

Sidney H., brother, 16 years, was not at home. His mother says he 
is thin and has had a bad cough for a year. He is in the country for his 
health. 

Julia H., sister, 10 years, is small and underdeveloped, poorly nour- 
ished, with long, narrow chest; he shows moist and crackling rales over 
both lungs ; no bacilli could be found in her sputum at this time, but tubercle 
bacilli had been present in sputum ; pulse 94, temperature 100.5 ; Von Pirquet 
test positive. 

Evelyn E., niece, 5 years, a well-developed, well-nourished, healthy 
looking child ; shows no physical signs of tuberculosis, but g^ves a positive 
reaction to the Von Pirquet test. 

Leonard E., nephew, 1 year, said to be small, imderdeveloped baby. 
He is in the City Hospital for treatment for tubercular hip. 




Of this family of originally eleven individuals, seven were examined 
in this investigation; six of these show evidence of tuberculous infection. 
One, not examined, is being treated for tuberculosis of the hip. One, pre- 
viously examined, shows evidence of tuberculous infection, one has a bad 
cough and is in the coimtry for his health, and one is dead of pulmonary 
tuberculosis. 

Ole H., 44th Avenue North. AprU 10, 1911. 

This man, 49 years of age, has coughed for twenty years. During 
the last two years many tubercle bacilli have been found in his sputum. The 
examination shows a diflFuse tuberculous process in both lungs. He has 
gained much under treatment during the last two years. 
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Inga H., wife, 38 years, good-sized, well-nourished woman, with well- 
shaped chest; negative to physical examination, and negative to the Von 
Pirquet test. 

Erling H., son, IS years, well-built boy, well-nourished, negative to 
physical examination, and negative to the Von Pirquet test. 

Harold H., son, 14 years, large, heavy boy, very well-nourished, well- 
built ; is negative to physical examination, and negative to the Von Pirquet 
test 

Melvin H., son, 12 years, strong, well-nourished boy; is negative to 
physical examination, and negative to the Von Pirquet test. 

Lyle H., son, 11 years, large, strong, well-built boy, well-nourished, and 
negative to physical examination; negative to the Von Pirquet test 

Esther H., daughter, 8 years, tall, slender girl, with long, narrow chest ; 
shows slight cervical glandular enlargement and negative to physical exami- 
nation; gives a positive reaction to the Von Pirquet test. 

June H., daughter, 6 years, well-built, heavy girl ; shows slight cervical 
glandular enlargement; temperature 99; negative to physical examination, 
but shows a positive reaction to the Von Pirquet test. 

Another daughter was not seen. 
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Of eight individuals examined in this family three show evidence of 
tuberculous infection. 



Mrs. H., Snelling Avenue. January 26, 1911. 

This woman, 31 years of age, fairly well-nourished, presents signs of 
active tuberculosis in the left lung. She has been operated on for tubercu- 
lous peritonitis. Her sputum contained tubercle bacilli two years ago, but 
none can be found at the present time. Her first husband died of acute pul- 
monary tuberculosis. She lived with her present husband and three chil- 
dren in a clean light house of two rooms. Guards her sputum carefully. 

Percy J., son, 10 years, large, well-nourished boy ; shows some cervical 
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glandular enlargement; negative to physical examination, and negative to 
the Von Pirquet test. 

Alfred J., son, 7 years, is a tall, well-nourished boy with slightly con- 
stricted chest, considerable cervical glandular enlargement, enlarged tonsils 
and adenoids; lungs negative; gives positive reaction to the Von Pirquet 
test. 

Helen J., daughter, 3 years, is a plump, well-nourished baby; shows 
cervical glandular enlargement, and has a slight dry cough; is negative to 
physical examination, and negative to Von Pirquet test. 




In this family of five, of whom four were examined, there are two 
who show evidence of tuberculous infection. 



Mrs. J., 6th Street South. December 1, 1911. 

The mother of this family died, a few days prior to my visit, of pul- 
monary tuberculosis. 

The father could not be seen. 

Harry J., son, 16 years, very large and strong, well-built, well-nour- 
ished young man; negative to physical examination; temperature 100; is 
negative to the Von Pirquet test. 

Edwin J., son, 11 years, large, well-built, well-nourished boy; shows 
cervical glandular enlargement, negative chest, positive reaction to the Von 
Pirquet test. 

Alice J., daughter, 9 years, tall, slender girl, fairly well-nourished, 
with long, narrow chest; negative to physical examination; temperature 
100.4, with a positive reaction to the Von Pirquet test. 

Edith J., daughter, 7 years, slight, underdeveloped, poorly nourished 
girl, with long, constricted chest, many rales in base of both lungs ; pulse 108, 
temperature 100.2, respiration 26; positive reaction to the Von Pirquet 
test. 

George J., son, 5 years, strong, well-nourished, well-built boy; with 
some glandular enlargement; negative to examination; shows a positive 
reaction to the Von Pirquet test. 
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In this family are six individuals, of whom five were examined. Three 
of these five show evidence of tuberculous infection. 

Mr. J., 18th Avenue North. December 27, 1910. 

Wife, age 47, large, strong, well-nourished, with well-shaped chest; 
shows crepitant rales in apex of left lung; Von Pirquet test negative. She 
lives with her children in four basement rooms where her husband lay sick 
for some months with pulmonary tuberculosis before dying in the City 
Hospital. The six people all sleep in one room twelve feet square. 

John J., son, 14 years, fairly well-nourished and developed ; shows slight 
cervical glandular enlargement, rales and high pitched resonance in right 
base posteriorly ; positive reaction to the Von Pirquet test. 

Joseph J., son, 13 years, well-developed, well-nourished boy; negative 
to physical examination; pulse 100; shows positive reaction to the Von 
Pirquet test. 

Bessie J., daughter, 10 years, well-developed, well-nourished girl ; shows 
cervical glandular enlargement; gives positive reaction to the Von Pirquet 
test. 

Melvin J., son, 7 years, fairly well-developed and nourished, with poorly 
formed chest, and cervical glandular enlargement; negative to physical ex- 
amination; temperature 99.8; gives a positive reaction to the Von Pirquet 
test. 

Iner J., son, 3j4 years, a well-developed, well-nourished boy, with a 
poorly formed chest and enlarged cervical glands; negative to physical 
examination; shows a positive reaction to the Von Pirquet test. 
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Each member of this family of six shows evidence of tuberculous in- 
fection, except the mother. 

C M. J., Washington Avenue North. May 26, 1911. 

This man died about three weeks prior to my visit in the tuberculosis 
ward of the Minneapolis City Hospital, where he had been for three weeks. 
For six months before that he had lived at home sick with pulmonary tu- 
berculosis in a house of five, fairly large, well-ventilated, but dark rooms, 
with his wife and six children. 

Mary J., wife, 36 years, small, poorly developed woman, with deformed 
spine and chest; her lungs show signs of healed tuberculous lesions; tem- 
perature 99.8; Von Pirquet test negative. 

Alice J., daughter, 17 years, robust, well-nourished girl, well-developed, 
negative to physical examination, with poor expansion, pulse 100, tempera- 
ture 99.5 ; shows positive reaction to the Von Pirquet test. 

John J., son, 15 years, large, well-developed boy, fairly well-nourished, 
with slight cervical glandular enlargement, negative to examination, and 
gives negative reaction to the Von Pirquet test. 

Charles J., son, 13 years, small but well-formed and well-nourished, 
negative to examination; temperature 99.5; shows positive reaction to the 
Von Pirquet test. 

Elizabeth J., daughter, 8 years, small, poorly developed, poorly nour- 
ished child, with long narrow chest, slight cervical glandular enlargement, 
temperature 99.2 ; gives a positive reaction to the Von Pirquet test. 

Evelyn J., daughter, 4 years, well-developed, well-nourished child, with 
slight cervical glandular enlargement, fine rales over right upper lobe ante- 
riorly, pulse 94, temperature 100.2; shows a positive reaction to the Von 
Pirquet test. 

Harry J., son, 10 months old, large fat baby, well-formed, negative to 
examination; shows positive reaction to the Von Pirquet test^ 




In this family of seven individuals, there are five showing evidence 
of tuberculous infection. 
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Fred K., Aldrich Avenue North. March 30, 1912. 

This boy, 23 years old, underweight, poorly nourished, shows signs 
of moderately advanced pulmonary tuberculosis, with tubercle bacilli in 
his sputum. 

The parents were not examined. 

Eleanor K., sister, 27 years, slightly built, fairly well-nourished, with 
poorly formed chest and poor expansion; negative to examination; tem- 
perature 99; gives a positive reaction to the Von Pirquet test. This girl 
is said to have had pulmonary tuberculosis when a child. 

Bertha K., sister, 25 years, fairly well-nourished, with poorly formed 
chest and fine rales in left apex posteriorly; temperature 99.2; negative to 
the Von Pirquet test. 

Carl K., brother, 21 years, well-developed, strong, well-nourished 
young man, with very well- formed chest; negative to physical examina- 
tion; gives a positive reaction to the Von Pirquet test. 

Albert K., brother, 15 years, a well-developed, well-nourished boy; has 
slight cervical glandular enlargement; negative to examination; shows 
positive reaction to the Von Pirquet test. 

Arthur K., brother, 14 years, undersized, well-nourished, well-built; 
shows cervical glandular enlargement; negative to examination; tempera- 
ture 99; gives a positive reaction to the Von Pirquet test. 




Of the six children, five show evidence of tuberculous infection. 



Ben K, 23d Avenue South. April 13, 1911. 

This boy, age 16, is an advanced case of pulmonary tuberculosis with 
many tubercle bacilli in his sputum. Has died of tuberculosis since he was 
seen. 

Peter K., father, 52 years, heavy built man, with well-formed chest; 
negative to examination ; temperature 99.2 ; gives a positive reaction to 
the Von Pirquet test. 

Carrie K., mother, 47 years, good-sized, well-nourished woman, with 
long chest, slight axillary glandular enlargement, chronic skin eruption on 
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right forearm which she has had for eleven years; shows signs of old 
pleurisy on the right side; had pneumonia on the same side 24 years ago; 
temperature 99.4 ; and gives a positive reaction to the Von Pirquet test. 

Anna K. B., sister, 26 years, advanced case of pulmonary tuberculosis 
with tubercle bacilli in the sputum. 

Louis K., brother, 24 years, advanced case of pulmonary tuberculosis 
with tubercle bacilli in the sputtmi. Has since died. 

Julia K., sister, 21 years, small, fairly well-nourished girl, with well- 
formed chest, slight cervical enlargement, distant breathing and egophony 
over left scapula; temperature 100; gives a positive reaction to the Von 
Pirquet test. 

James K., brother, 19 years, of mediimi size, fairly well-nourished, 
with round long chest, slight cervical enlargement; negative to physical 
examination ; temperature 99 ; gives a positive reaction to the Von Pirquet 
test. 

Byrdie K., sister, 9 years, fairly well-developed, well-nourished child; 
is now suflFering from chorea ; has a long but fairly well-shaped chest, con- 
siderable cervical glandular enlargement ; is negative to examination ; pulse 
94, temperature 99.8; has recently had tonsilitis; gives a positive reaction 
to the Von Pirquet test. 




In this family of eight, every individual shows evidence of tuberculous 
infection. 

Mrs. K., Seymour Avenue Southeast June 29, 1911. 

This woman, 40 years of age, is an advanced case of pulmonary tuber- 
culosis with many tubercle bacilli in her sputum. 

Charles K., husband, 49 years, a tall, spare man, fairly well-nourished, 
negative to examination ; shows a positive reaction to the Von Pirquet test ; 
gives a history of pleurisy ten years ago. 

Marian K., daughter, 14 years, large, well-developed, well-nourished 
girl, negative to examination; pulse 86, temperature 99.4; shows positive 
reaction to the Von Pirquet test 
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Harold K., son, 13 years, well-developed, well-nourished boy, with 
well-shaped chest; negative to examination; temperature 99.2; shows a 
positive reaction to the Von Pirquet test 

Horace K., son, 10 years, underdeveloped, fairly well-nourished, with 
poorly shaped chest and poor expansion; negative to examination; pulse 
100, temperature 101 ; gives positive reaction to Von Pirquet test. 




In this family of five, every individual shows evidence of tuberculous 
infection. 

Mrs. L. 

This woman has an active tuberculous lesion in the left apex and tu- 
bercle bacilli in her sputum. She nursed her brother, who died of tuber- 
culosis six years ago. 

Her husband was not seen. 

M. L., daughter, 6 years, a well-developed, well-nourished child, nega- 
tive physically ; gives a positive reaction to the Von Pirquet test. 

P. L., son, 4 years, a well-developed, well-nourished boy ; shows slight 
cervical glandular enlargement ; negative physically and negative to the Von 
Pirquet test. 





This woman and her husband are exceptionally intelligent people and 
are highly educated. They have an ideal home. They have been fully aware 
of the danger of infection from tuberculosis and fully aware of the woman's 
condition. The husband was not examined. Of these three individuals, two 
show evidence of tuberculous infection. 
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Ella L., 5th Street Northeast. September 3, 1911. 

This woman died of pulmonary tuberculosis four months prior to my 
visit in the house where the family now lives. Minneapolis Health Depart- 
ment records show the presence of tubercle bacilli in her sputum. 

Andrew L., husband, 39 years, strong, well-nourished man; has a 
poorly shaped chest and signs of healed tuberculous lesion in left apex; 
temperature 99.1 ; shows a positive reaction to the Von Pirquet test 

Anna L., daughter, 15 years, well-developed, well-nourished girl, with 
slight cervical glandular enlargement, negative to physical examination, 
anemic ; temperature 99.5 ; gives a positive reaction to the Von Pirquet test. 

Mary L., daughter, 10 years, well-developed, well-nourished girl, with 
poorly shaped chest, slight cervical glandular enlargement and cog^vheel 
respiration in right upper lobe ; pulse 84, temperature 99.6 ; shows a positive 
reaction to the Von Pirquet test. 

John L., son, 7 years, well-developed, fairly well-nourished, with 
poorly shaped chest and slight cervical glandular enlargement ; pulse 92, tem- 
perature 99.2 ; negative physically, but shows a positive reaction to the Von 
Pirquet test. 

Elizabeth L., daughter, 4 years, well-developed, well-nourished child, 
with slight cervical glandular enlargement; pulse 116, temperature 99; 
shows a positive reaction to the Von Pirquet test. 




In this family of five, every individual showed evidence of tuberculous 
infection. 

Sylvester M., 12th Avenue North. December 10, 1910. 

This man, 38 years, is in a very advanced stage of pulmonary tuber- 
culosis, with many tubercle bacilli in his sputum. He has been cared for 
away from home much of the time during the last seven months. The 
rest of the time he has been at home with his wife and three children. The 

§ 

house conditions are poor. He has been careless about his sputtmi, though 
he well understands the risk to his family. He has since died. 

Christina M., wife, 28 years, strong looking, spare woman, with a well- 
shaped chest and some fine rales in the right apex ; Von Pirquet test nega- 
tive. Tested again four months later. Von Pirquet test positive. 
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LeRoy M., son, 8 years, small, underdeveloped, poorly nourished boy, 
with poorly shaped chest and some cervical glandular enlargement ; negative 
to physical examination; temperature 99.6; negative to the Von Pirquet 
test. Four months later positive to the Von Pirquet test 

George M., son, 8 years, small, poorly nourished; shows cervical 
glandular enlargement ; negative to physical examination ; temperature 100.4 ; 
Moro test positive. Von Pirquet test negative. Four months later Von 
Pirquet test positive. 

Elmer M., son, 4 years, well-developed, well-nourished boy, show- 
ing some cervical glandular enlargement; negative physically; temperature 
99.8, Moro reaction positive. Four months later Von Pirquet test positive. 




In this family of five, every individual showed evidence of tuberculous 
infection. 

Hulda O., Cedar Avenue. May 11, 1911. 

This woman, age 40, is tall and slight, has a long narrow chest, and 
shows signs of infiltration in middle lobe of right lung. Her husband died 
four years ago after an illness of two years of pulmonary tuberculosis with 
many tubercle bacilli in his sputum. 

She lives in a small dark flat and does family sewing and rents one 
room to lodgers. This has been classed as an active case on account of the 
exposure of the whole family during the father's sickness, he being taken as 
the center case. 

Melvin O., 3on, 13 years, large, strong, well-nourished boy, with poorly 
shaped chest; has an acute bronchitis; temperature 99; Von Pirquet test 
negative. 

Helen O., daughter, 6 years, slender, active, fairly well-nourished 
g^rl, with well-shaped chest and slight cervical glandular enlargement; 
negative to physical examination ; temperature 98.8 ; gives a positive reaction 
to the •Von Pirquet test 
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Of the three surviving members of this family, two show evidence of 
tuberculotis infection. 

Mrs. O., Pleasant Street Southeast. June 20, 1911. 

This woman's husband died of pulmonary tuberculosis about two years 
ago after an illness of several years. He had many tubercle bacilli in his 
sputum. The woman was not examined as she is a private case. She g^ves 
a negative Von Pirquet test. 

Gustav O., son, 9 years, undersized, fairly well-nourished, with poorly 
shaped chest and general glandular enlargement ; negative to physical exami- 
nation ; temperature 99 ; gives a positive reaction to the Von Pirquet test. 

Carl O., son, 6 years, well-developed, well-nourished boy, shows some 
cervical glandular enlargement; negative physically; temperature 99.2; gives 
a positive reaction to the Von Pirquet test. 

Ebbe O., son, 5 years, large, well-developed, well-nourished boy, show- 
ing slight cervical glandular enlargement; negative to physical examina- 
tion ; gives a positive reaction to the Von Pirquet test. 

Swen O., son, 3 years, stout, well-nourished boy, showing some cervi- 
cal glandular enlargement; negative to physical examination; temperature 
99.2 ; gives a positive reaction to the Von Pirquet test. 




In this family of five individuals, four show evidence of infection with 
tuberculosis. 



Frank N., Main Street Northeast. July 16, 1911. 

This man is well-built, fairly well-nourished, with a well-shaped chest. 
Both lungs show signs of active tuberculosis and the sputum contains tu- 
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bercle bacilli. He gives a history of pleurisy twelve years ago with slow 
recovery. Six months ago he took a severe cold and one month later had a 
pulmonary hemorrhage. He went to the City Hospital at that time and 
stayed there tmtil six weeks ago. He then went to work and has worked 
since. 

The wife says that her husband is careless with his sputiun. He has 
been away from home nearly all of his infective period. 

Julia N., wife, 26 years, a large, strong, well-nourished woman, nega- 
tive to examination ; gives a positive reaction to the Von Pirquet test. 

Anna N., daughter, 8j4 years, a large, well-nourished child, showing 
slight cervical glandular enlargement; temperature 99.4; negative to the 
Von Pirquet test. 

Alice N., daughter, 3 years, a stout, heavy child, showing slight cervical 
glandular enlargement, negative to examination, and negative to the Von 
Pirquet test. 




In this family of four individuals, two show evidence of tuberculous 
infection. 



Mrs. N., 24th Avenue South. September 1, 1911. 

Mary N., mother, 30 years, tall, thin woman, with a long stooped chest, 
shows signs of healed tuberculous lesions in right upper and middle lobes. 
Gives a positive reaction to the Von Pirquet test. 

Alma N., daughter, 12 years, large, well-nourished girl with a well- 
formed chest; shows slight cervical glandular enlargement; negative to 
physical examination ; gives a positive reaction to the Von Pirquet test. 

Dora N., daughter, 9 years, well-developed, well-nourished girl ; shows 
slight cervical glandular enlargement; negative to physical examination; 
shows a positive reaction to the Von Pirquet test. 

John N., son, 7 years, large, well-nourished boy, with slight cervical 
glandular enlargement. He is very deficient mentally as a result of an acute 
meningitis and it was impossible to examine him. The Moro test was nega- 
tive. 

James N., son, 3 years, sturdy, well-nourished boy, with slight cervical 
glandular enlargement; negative physically; negative to the Von Pirquet 
test. 
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A sister of the mother of this family recently died of tuberculous peri- 
tonitis in this house. The mother, who shows signs of a healed pulmonary 
tuberculosis, gives a history of cough, loss of weight, and pulmonary hemor- 
rhages prior to. seven years ago at which time her health improved. The 
children over seven years of age show evidence of tuberculous infection and 
those under that age do not. 




In this group of five individuals, three show evidence of tuberculous 
infection. 

Mrs. Ida R., Oakland Avenue. March 1, 1911. 

This woman, age 24, slight, fairly well-nourished, with well-shaped 
chest, is an advanced open case of pulmonary tuberculosis. There are 
many tubercle bacilli in her sputum. She has been with these two children 
and has had all the care of them much of the time since she became sick. An 
older child has been away from home most of the time and was not examined. 
The husband could not be examined. The house conditions are bad, diet 
poor and poorly prepared. Sputum is guarded. 

Roy R., son, 3j4 years, well-developed, well-nourished child; has a 
well-formed chest; negative to physical examination; pulse 108, tempera- 
ture 99.8 ; shows a positive reaction to the Von Pirquet test. 

Warren R., son, 1 year, small, fairly well-nourished ; negative to physi- 
cal examination; pulse 120, temperature 100; gives a positive reaction to the 
Von Pirquet test 




In this family of five only three could be examined, all of whom showed 
evidence of tuberculous infection. 



28 HERBERT G. LAMPSON 

Joseph R., Snelling Avenue. December 29, 1911. 

This man, 32 years, tall, well-developed, well-nourished, is an active 
open case of pulmonary tuberculosis with many tubercle bacilli in his sputtim. 

Mary R., his wife, 32 years, is a large, strong appearing woman with 
a fiat chest ; has poor expansion ; is negative to examination ; pulse 94, tem- 
perature 100; gives a positive reaction to the Von Pirquet test. 

Mary R., daughter, 7j4 years, small, well-nourished girl with a well- 
formed chest ; shows slight cervical glandular enlargement ; negative to phys- 
ical examination ; temperature 99 ; gives a positive reaction to the Von Pir- 
quet test 

Flossie R., daughter, 4j4 years, small, fairly well-nourished; shows 
many enlarged cervical glands; negative to physical examination; gives a 
positive reaction to the Von Pirquet test. 

Jerry R., son, 2j4 years, heavy, well-nourished baby, with a broad, flat 
chest, many enlarged cervical glands; negative to physical examination; 
gives a positive reaction to the Von Pirquet test. 




In this family of five, each individual shows evidence of tuberculous 
infection. 

Mrs. P. S., 24th Avenue North. January 24, 1911. 

This woman, age 27, who is a moderately advanced case of pulmonary 
tuberculosis with tubercle bacilli in her sputum, gives a rather remarkable 
history of exposure. She could at first give no history of exposure as there 
had never to her knowledge been a case of tuberculosis in her family or 
among her intimate associates. On further inquiry the following facts were 
developed. In the spring of 1909 she entertained a guest for a period of 
three weeks. This man was sick and coughed badly, raised much sputum, 
discharging the sputum in his handkerchief and drying the handkerchief, 
when saturated, over or under the kitchen stove. After three weeks they 
discovered that he was tuberculous and asked him to leave. Six or eight 
months later in the winter of 1909 and 1910 the family moved into a new 
house which had never been occupied. Three months later, in the spring of 
1910, Mrs. S. developed pleurisy. During the summer of 1910 Mr. S. de- 
veloped pleurisy. In the fall of 1910 one of the children began to fail and 
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developed fever. At the present time, namely three months later, the fol- 
lowing conditions are present : 

Mrs. S., 27 years, well-developed, poorly nourished woman ; a moderate- 
ly advanced open case of pulmonary tuberculosis with many bacilli in her 
sputum. 

Peter S., her husband, 33 years, large, strong, well-nourished man, 
with poorly shaped chest; has slight curvature of the spine, shows rather 
vague signs on physical examination ; pulse 90 ; gives a positive reaction to 
the Von Pirquet test, and a positive reaction* to the subcutaneous test. 

Beatrice S., daughter, 6 years, well-developed, well-nourished child; 
shows some cervical glandular enlargement ; negative to physical examina- 
tion and shows a positive reaction to the Von Pirquet test. 

Pearl S., daughter, 5 years, a large, very well-developed, well-nourished 
child, shows enlarged cervical glands ; negative to physical examination and 
gives a positive reaction to the Von Pirquet test. 

Earling S., son, 3 years, good-sized, well-nourished child with a well- 
shaped chest ; shows some cervical enlargement ; negative to physical exami- 
nation ; temperature 100, with a positive reaction to the Von Pirquet test. 




Each member of this family of five persons shows evidence of tuber- 
culous infection. 

George S., 19th Avenue Northeast. July 9, 1912. 

The mother of this family died of pulmonary and laryngeal tubercu- 
losis a few days prior to my visit. She had many tubercle bacilli in her 
sputum. This large family of eight children have been poorly clothed and 
poorly fed and poorly cared for in every way. They are a hardy lot as a 
whole and practically live out of doors. 

George S., father, 45 years, large, well-built man, negative to physical 
examination, and negative to the Von Pirquet test. 

Joseph S., son, 13 years, tall, poorly nourished, with a long narrow 
chest, some cervical glandular enlargement, crepitant rales and dullness in 
right limg; temperature 99.2; gives positive reaction to the Von Pirquet 
test. 

Helen S., daughter, 11 years, tall, fairly well-nourished girl, with a 
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broad chest, slight cervical glandular enlargement, rales and dullness in 
both lungs ; pulse 98, temperature 99 ; gives a positive reaction to the Von 
Pirquet test i 

Margaret S., daughter, 9 years, well-developed, well-nourished girl; 
shows some cervical glandular enlargement and some cogwheel respiration in 
left lung ; pulse 104, temperature 99.4 ; gives a positive reaction to the Von 
Pirquet test .^- ~_^^ 

Anna S., daughter, 8 years, well-built, well-nourished child; shows 
many enlarged cervical glands ; negative to physical examination ; pulse 100, 
temperature 99.8 ; negative to Von Pirquet test. 

Elsie S., daughter, 6 years, small, poorly developed, poorly nourished 
child, with many enlarged glands; negative to physical examination; gives 
positive reaction to the Von Pirquet test. 

Lawrence S., son, 4 years, well-developed, well-nourished boy, showing 
many enlarged cervical glands, poorly shaped chest; physical examination 
negative; pulse 104; gives negative reaction to the Von Pirquet test. This 
boy is an imbecile. 

George S., Jr., son, 3 years, well-formed, well-nourished boy, negative 
to physical examination ; pulse 108, temperature 99 ; Von Pirquet test nega- 
tive. 

Theresa S., daughter, 2 years, heavy, well-developed baby, negative on 
physical examination, negative to the Von Pirquet test. 
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In this family of nine individuals, four show evidence of tuberculous 
infection. 

Carrie S., 16th Avenue South. November 20, 1911. 

This woman, 36 years, is in an advanced stage of pulmonary tuber- 
culosis with many tubercle bacilli in her sputum. 

Florence S., daughter, 4 years, heavy, well-developed child; shows en- 
larged cervical glands; negative to physical examination; temperature 99; 
positive to the Von Pirquet test. 



SPREAD OF TUBERCULOSIS IN FAMILIES 31 

Howard S., son, 3 years, heavy, well-developed baby; has many en- 
larged cervical glands, one of which is broken down, is negative to physical 
examination, but shows positive reaction to the Von Pirquet test. 

This woman's mother died of tuberculosis twenty-three years ago ; her 
father from the same cause six years later. She nursed them both. One 
sister died of tuberculosis fourteen years ago, another five years ago. One 
other sister is dead, but the cause of death is not known. She has three 
brothers, one of whom, she says, has weak lungs. 




This family of three individuals shows evidence of tuberculous infection 
in all the members. 

Sophie S., 29th Avenue South. February 9, 1911. 

This woman, 36 years, well-built, well-nourished, has moderately ad- 
vanced pulmonary tuberculosis with tubercle bacilli in her sputum. She 
with her husband and baby live in a one-room house with a seven-foot ceil- 
ing. Her husband's mother and sister died of tuberculosis and another sister 
is in Hopewell Tuberculosis Hospital. She was closely associated with all 
these people. 

Mr. S., husband, could not be examined. 

Pearl S., daughter, 2 years, very fat heavy baby, has tuberculous lesions 
on her right thumb and on two toes on her left foot. Her lungs are negative 
to examination ; she gives a positive reaction to the Von Pirquet test. 




In this family the two who were examined show evidence of tuberculous 
infection. 

Theodore Z., Colfax Avenue North. January 27, 1912. 

This man, 44 years, is a moderately advanced open case of pulmonary 
tuberculosis. His sputtmi has contained tubercle bacilli for many months. 
The father of this family is known to have had tubercle bacilli in his sputum 
for at least one year. He is a well-trained patient and has carefully isolated 
himself from his family. 
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Amelia Z., wife, 40 years, is a small, well-nourished woman, with well- 
developed chest; shows a small area of consolidation in right lung; tem- 
peratiu*e 99.2, Von Pirquet test negative; the subcutaneous tuberculin test, 
used on account of lung signs, was also negative. Three months later the 
visiting nurse reports that she had a pulmonary hemorrhage. 

Mathilda Z., daughter, 14 years, underdeveloped, poorly nourished girl, 
with a long narrow chest, cervical glandular enlargement, poor expansion, 
rales and dullness in right upper lobe. Sputum is negative, pulse 116, tem- 
perature 98, Von Pirquet test positive, subcutaneous test positive. 

Amelia Z., daughter, 13 years, well-developed, very well-nourished girl, 
with well-shaped chest ; is negative to physical examination, gives a positive 
reaction to the Von Pirquet test, and a positive reaction to the subcutaneous 
test. Five milligrams of old tuberculin were used in the subcutaneous test. 

Theodore Z., son, 11 years, small, poorly nourished boy with a long nar- 
row chest, much cervical glandular enlargement ; negative to physical exami- 
nation ; negative to the Von Pirquet test. 

Fred Z., son, 6 years, small, poorly nourished boy, with a long stooped 
chest; negative to physical examination; temperature 99.3; gives a negative 
reaction to the Von Pirquet test 

Al. Z., son, 2 years, well-developed, well-nourished baby; negative to 
physical examination and negative to the Von Pirquet test. 




In this family of seven individuals, three show evidence of tuberculous 
infection. 



The center cases of the four following groups are classed as latent as 
they show clinical signs of pulmonary tuberculosis and are reported as hav- 
ing had tubercle bacilli in the sputimi, though none could be found at the 
time of my investigation. 

John C, 44th Avenue South. June 13, 1911. 

This man, 32 years old, is large and powerfully built ; there are a few 
rales and slight dullness in the upper lobe of the left lung ; no tubercle bacilli 
have ever been found in his sputum ; g^ves a positive reaction to the Von 
Pirquet test. 
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Henrietta C, wife, 22 years, is a strong, well-nourished wcunan who 
presents no physical signs of tuberculosis except a positive reaction to the 
Von Pirquet test. She was very definitely exposed to tuberculosis eleven 
years ago when two sisters died of the disease. 

Henrietta C, daughter, 6 years, is a well-nourished, well-developed 
child with slight cervical glandular enlargement ; negative to physical exami- 
nation and negative to the Von Pirquet test. 

John C, Jr., son, 2 years, large, well-nourished child, shows a slight 
cervical glandular enlargement ; negative to physical examination and nega- 
tive to the Von Pirquet test. 




In this family of four individuals, two show evidence of tuberculous 
infection. Both parents are infected, possibly from different sources. 
Neither of the children shows signs of infection. Neither parent has shown 
tubercle bacilli in the sputum. 

Carl C, 12th Street South. September 26, 1911. 

This man, 30 years of age, strong appearing and well-nourished, with 
barrel-shaped chest, was diagnosed tuberculous three years ago and tubercle 
bacilli were found in his sputum at that time. At present he appears to be 
an arrested or healed case. Shows limited lung expansion, and a positive 
reaction to the Von Pirquet test. On account of the unfortunate circum- 
stance of this man's losing his position through the fact becoming known 
that he was suspected of being tuberculous he presented himself to one of 
our specialists for further examination. The subcutaneous tuberculin test 
was applied and he gave a positive reaction, showing that somewhere he still 
has a focus of tuberculous infection. 

Mary C, wife, 29 years, small, poorly nourished woman, presents no 
signs of tuberculosis and is negative to the Von Pirquet test. 

Carl C, son, 8 years, small underdeveloped child, fairly well-nourished, 
with a well-shaped chest, shows slight cervical glandular enlargement ; tem- 
perature 99.5 ; negative to the Von Pirquet test. 

Joseph C, son, 6 years, fairly well-developed, well-nourished boy, with 
chest constricted at the base on the left side, slight cervical glandular en- 
largement, and definite signs of tuberculous infection in the left lung; pulse 
86, temperature 99.5 ; and positive reaction to the Von Pirquet test. Was 
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diagnosed tuberculous one year ago, has spent this summer in the visiting 
nurses* tuberculosis camp and is much improved. 

Mary C, daughter, 4 years, of average size, well-nourished and well- 
developed, is negative to physical examination and negative to the Von Pir- 
quet test. 

Aggie C, daughter, 3 years, large, well-nourished, well-developed child, 
with slight cervical glandular enlargement ; is negative to physical examina- 
tion and negative to the Von Pirquet test. 

Anthony C, son, 6 months, is suffering from extreme malnutrition but 
was negative to the Moro test which was the only one that could be used in 
this case. 

These children have but scant care, although their home conditions are 
not very bad. 




In this family of seven individuals, only two show evidence of tubercu- 
lous infection. 



Anna O., Knox Avenue North. January 17, 1911. 

Anna O., 15 years, good-sized, well-nourished girl; shows very slight 
signs in the left lung. No tubercle bacilli were found in her sputum. The 
Von Pirquet test was not made, but she reacted positively to the subcutaneous 
test. 

Arnold O., brother, 13 years, large, very well-nourished boy, shows 
slight cervical glandular enlargement; negative to examination, negative to 
the Von Pirquet test. 

Hilda O., sister, 11 years, well-developed, well-nourished girl; negative 
to examination, negative to the Von Pirquet test. 

Ruth O., sister, 8 years, well-developed and well-nourished g^rl, with 
some cervical glandular enlargement ; negative to examination and negative 
to the Von Pirquet test. 

The father, mother, and one sister were not examined. 
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In this family of seven individuals, four were examined and only the cen- 
ter case showed evidence of tuberculous infection. 



Patrick C, Lyndale Avenue North. February 4, 1911. 

This man, 38 years, was reported as having been sick with pulmonary 
tuberculosis for the last three years, but not ill enough to be disabled for any 
length of time. He appears strong and well-nourished, has a well-shaped 
chest, shows no abnormal signs on examination of chest, complains of pain 
in his side ; his sputimi has been reported as showing tubercle bacilli recently, 
though none were found at this time. His pulse was 65, temperature 98, and 
the Von Pirquet test showed a positive reaction. 

Margaret C, his wife, 36 years, large, robust appearing woman, with a 
flat chest and poor expansion. There is distant breathing in the middle lobe 
' of the right lung. Temperature 99.4, Von Pirquet test positive. She says 
that two years ago she was very sick, was greatly reduced in weight and 
showed many tubercle bacilli in the sputum. She has been in the tubercu- 
losis camp for two summers and is now in very good condition. 

Jennie C, daughter, 15 years, large, well-developed girl; left chest 
rather retracted at the apex; pulse 90, temperature 99, Von Pirquet test 
negative. 

Nicholas C, son, 13 years, large, strong appearing boy, with slight 
cervical glandular enlargement ; negative to physical examination and nega- 
tive to the Von Pirquet test. 

Laura C, daughter, 11 years, an exceptionally well-developed and 
healthy looking girl. Nothing abnormal in her physical condition could be 
found, and she is negative to the Von Pirquet test. 

John C, son, 8 years, small, poorly developed, and poorly nourished' 
boy with some cervical glandular enlargement ; Von Pirquet test positive. 

Mary C, daughter, 4 years, well-developed girl, with few enlarged cer- 
vical glands ; negative to examination ; Von Pirquet test negative. 
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In this family of five children with both father and mother reported as 
having had tubercle bacilli in their sputum, only one child shows evidence 
of tuberculous infection. 

The following two cases are classed as healed cases as they presented 
signs of old tuberculous pulmonary lesions and did not react to the subcu- 
taneous test 

Caroline E., Cedar Avenue. November 5, 1911. 

This woman, 29 years, well-nourished, well-developed, was definitely ex- 
posed to tuberculosis for a period of four years up to thirteen years ago, her 
father dying of the disease. Five years ago she was diagnosed tuberculous. 
She presents signs of an old tuberculous lesion in a small area in the right 
Itmg. Temperature 99, positive reaction to Von Pirquet test, and negative 
to the subcutaneous test. 

The father was not examined. 

Esther E.^ daughter, 7 years, poorly nourished, with slight cervical 
glandular enlargement; pulse 90, temperature 99, negative to physical ex- 
amination, and gives a positive reaction to the Von Pirquet test. 

Roy E., son, 5 years, well-developed, well-nourished boy, is negative 
to examination and negative to the Von Pirquet test. 

Mabel E., daughter, 3 years, very well-nourished, well-built child, shows 
slight cervical glandular enlargement ; pulse 96, temperature 99.3, Von Pir- 
quet test negative. 




In this family of five only two show evidence of tuberculous infection. 
From the mother's history it would seem that she had tubercle bacilli in 
her sputum five years ago and at that time infected her daughter Esther, 
the only one now in the family showing evidence of tuberculous infection. 
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Josie N., 42d Avenue South. March 21, 1911. 

This woman, 28 years old, strong and well-nourished, shows plain signs 
of healed pulmonary lesion, still coughs a little and gives a history of hemor- 
rhages six months and one year ago. Can get no record of tubercle bacilli 
having been found in her sputum. She gave a positive reaction to the Von 
Pirquet test and was negative to the subcutaneous test. 

Vincent N., husband, 36 years, strong, well-built, well-nourished man, 
negative to physical examination, negative to the Von Pirquet test. 

Frank N., son, 8 years, large, well-nourished boy, negative to physical 
examination and negative to the Von Pirquet test 

Rose N., daughter, 6 years, large, well-nourished girl, with slight cervi- 
cal glandular enlargement, negative to physical examination and negative to 
the Von Pirquet test. 




There is no evidence of tuberculous infection in any of the four mem- 
bers of this family other than the center case. 



NON-TUBERCULOUS GROUPS 

The following ten families were found to be non-tuberculous and are so 
classed. They are used as controls. 

Alfred R, 11th Avenue South. December 26, 1911. 

Is a large, strong looking man, 32 years, is negative to physical examina- 
tion, and negative to the Von Pirquet test. 

Bertha F., wife, 33 years, is a large, well-nourished woman, negative 
to physical examination, and negative to the Von Pirquet test. 

Lillian F., daughter, 13 years, extra well-developed, well-nourished 
girl, negative to physical examination, and negative to the Von Pirquet test. 

John F., son, 12 years, extra well-developed and well-nourished ; shows 
slight cervical glandular enlargement; negative to physical examination, 
and negative to the Von Pirquet test. 

Earl F., son, 3 years, strong, healthy looking child, well-developed, with 
slight cervical glandular enlargement, negative to physical examination, 
negative to the Von Pirquet test. 
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Dorothy F., daughter, 1 year, strong, healthy well-nourished baby, nega- 
tive to physical examination, negative to the Von Pirquet test. 
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This family was reported by the visiting nurses for diagnosis. They 
had been reported to the visiting nurses as tuberculous or suspicious. Their 
house conditions were comfortable and fairly hygienic. Diet nourishing. 
There was no trace of tuberculous infection in the family. 

Herman B., 2d Street East. February 2, 1911. 

This man, 52 years, well-built, well-nourished, with a barrel-shaped 
chest, has chronic cough and raises much sputum ; can find no evidence of 
lung involvement though he has chronic bronchitis. No tubercle bacilli could 
be found in his sputum. Pulse 54, temperature 97; no specific test was 
made. He had pneumonia two years ago and has coughed ever since. He is 
a hard drinker and works but little. He says he has been a dispensary pa- 
tient for a long time, but there is no record of tubercle bacilli having been 
found in his sputum there. 

Emma B., wife, 48 years, large, strong, well-nourished woman, with 
well-formed chest ; negative to physical examination ; pulse 84, temperature 
97.8 ; Von Pirquet test not made. 

Marie B., daughter, 19 years, slender, anemic, fairly well-nourished, 
with well-formed chest, but poor expansion, complains of pain in the region 
of the heart; negative physical examination; pulse 72, temperature 98.6; 
Von Pirquet test not made. 

One son was not examined. The family live in four basement rooms, 
dark and unventilated but clean. Diet nourishing. 
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In this family of four individuals, three of whom were examined, 
no evidence of tuberculous infection could be found. 
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Barbara F., 14th Avenue South. August 3, 1911. 

This woman, 44 years of age, small but well-nourished, is negative to 
examination, and negative to the Von Pirquet test. 

Mamie F., daughter, 18 years, well-nourished, well-developed girl, nega- 
tive to examination, and negative to the Von Pirquet test. 

Delia F., daughter, 9 years, tall slender girl, with long narrow chest; 
is negative to physical examination and negative to the Von Pirquet test. 

Julia F., daughter, 7 years, well-developed, well-nourished child, shows 
slight cervical glandular enlargement; negative to examination, negative 
to the Von Pirquet test. 
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In this family of seven, four were examined. None of those examined 
showed evidence of tuberculous infection. The father and two sons could 
not be examined. The mother was the reported case. She was a new Health 
Department case who had not been examined and was referred to me as a 
suspicious case. 



David G., Queen Avenue North. February 24, 1912. 

This man, tall, well-developed, 52 years, has short broad chest and 
presents a few obscure signs on physical examination. Von Pirquet test 
negative and subcutaneous tuberculin test negative. 

Anna G., wife, 44 years, a strong, well-nourished woman, well-devel- 
oped; negative to physical examination, gives a positive reaction to the 
Von Pirquet test and a positive reaction to the subcutaneous tuberculin test. 

Rosarie G., son, 18 years, strong, well-developed, well-nourished boy; 
shows very slight cervical glandular enlargement; negative to physical 
examination and negative to the Von Pirquet test. 

Pearl G., daughter, 16 years, well-developed, well-nourished girl ; nega- 
tive to physical examination, and negative to the Von Pirquet test. 

Mary Ann G., daughter, 6 years, small, fairly well-nourished, with 
slight cervical glandular enlargement ; negative to physical examination and 
negative to the Von Pirquet test. 

Alexander G., son, 4 years, poorly developed, poorly nourished child. 
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with slight cervical glandular enlargement ; negative to phjrsical examination ; 
temperature 99; is negative to the Von Pirquet test. 

Jenette G., daughter, 3 years, well-developed, well-nourished child; 
shows slight cervical glandular enlargement; temperature 99.4; negative 
to physical examination and negative to the Von Pirquet test. 

Frederick G., son, 2 years, well-developed, well-nourished child ; shows 
slight cervical glandular enlargement; negative to physical examination, 
negative to the Von Pirquet test. 

William G., son, 14 months, well-developed, well-nourished baby, with 
slight cervical glandular enlargement; negative to examination and nega- 
tive to the Von Pirquet test 

This family is remarkable in some respects. The father was diagnosed 
as tuberculous six years ago, according to his report, and has been under 
the observation of the visiting nurses for much of the time since then. He 
says he has had hemorrhages and tubercle bacilli in his sputum, but has 
never lost much weight and has worked some every year. No evidence of 
present or past tuberculous infection can be found in him. His wife, who 
has no history of tuberculosis as far as could be found and presents no phys- 
ical signs of the disease, shows a marked reaction to the specific tests. 
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In this family of nine individuals only one shows evidence of tubercu- 
lous infection and that one an unsuspected individual. 



Olive H., 20th Avenue North. June 6, 1911. 

This woman, 36 years, strong and well-nourished, was reported to the 
visiting nurses as tuberculous three years ago and although she has been 
recently pronounced non-tuberculous, the family was examined by request 
She is negative physically and negative to the Von Pirquet test. 

Hazel H., daughter, 15 years, well-developed, well-nourished girl; nega- 
tive to physical examination and negative to the Von Pirquet test. 
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Olive H., daughter, 13 years, well-developed, well-nourished girl ; nega- 
tive physically and negative to the Von Pirquet test 

Pearl H., daughter, 11 years, well-developed, well-nourished girl; nega- 
tive physically and negative to the Von Pirquet test. 

Gladys H., daughter, 9 years, well-developed, fairly well-nourished girl; 
has several cervical enlarged glands, negative to physical examination, nega- 
tive to the Von Pirquet test. 

Clarence H., son, 6 years, good-sized, well-developed, well-nourished 
boy, negative physically, and negative to the Von Pirquet test. 

Stella and Delia, daughters, 4 years, well-developed, well-nourished 
twin girls; both negative to physical examination and negative to the Von 
Pirquet test. 

Dorothea H., daughter, 3 years, well-developed, well-nourished child; 
n^^ative to physical examination, negative to the Von Pirquet test. 
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This family of nine individuals which has been supervised as a tubercu- 
lous family for a long time shows no evidence of tuberculous infection in any 
member. 



Ida M., Riverside Avenue. December 30, 1911. 

This woman, 47 years old, is well-developed, poorly nourished, with a 
well-shaped chest; negative to physical examination, negative to the Von 
Pirquet test. 

Theodore M., son, 13 years, well-developed, fairly well-nourished, ane- 
mic ; negative on physical examination and negative to the Von Pirquet test 

Marie M., daughter, 11 years, well-developed, well-nourished girl ; nega- 
tive physically, negative to the Von Pirquet test. 

Lillian M., daughter, 7 years, well-developed, well-nourished girl ; nega- 
tive physically and negative to the Von Pirquet test. 
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This family has been under supervision for some time. There is no evi- 
dence of tuberculous infection to be found in any member. 

William M., Thomas Avenue North. March 6, 1912. 

This boy with his brother and two sisters was given as a suspicious 
case by the Health Department. William M. is 7 years, well-developed, extra 
well-nourished, with well-shaped chest ; negative to physical examination and 
negative to the Von Pirquet test. 

The mother was not examined. 

Sadie M., sister, 13 years, tall, well-developed, well-nourished girl, 
showing some cervical glandular enlargement; physical examination nega- 
tive; pulse 104; Von Pirquet test negative. 

George M., brother, 1 1 years, well-developed, fairly well-nourished boy ; 
shows long chest, with few rales in right lung ; has coughed for five or six 
years ; Von Pirquet test negative. 

Addie M., sister, 9 years, short, heavy, very well-developed girl ; shows 
slight cervical glandular enlargement; negative on physical examination 
and negative to the Von Pirquet test. 
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In this family of four children no evidence of tuberculous infection was 
present. 

Pearl R., 2d Street North. January 25, 1911. 

This girl, 18 years, was reported to the visiting nurses as a case of 
pulmonary tuberculosis two years ago. She has been in the tuberculosis 
camp two summers and under tuberculosis precautions for two years. She 
coughs very little, presents no signs on physical examination, and is negative 
to the Von Pirquet test. Father and mother not examined. 
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Arthur R., brother, 16 years, small, underdeveloped boy, poorly nour- 
ished, with broad flat chest, and considerable cervical glandular enlargement ; 
left lung expands poorly; pulse 104, temperature 98; Von Pirquet test nega- 
tive. 

Mabel R., sister, 14 years, large, well-nourished girl; has long deep 
chest, constricted at the base, and slight cervical glandular enlargement ; nega- 
tive to physical examination, has poor expansion ; pulse 85, temperature 99 ; 
Von Pirquet test negative. 

Lillian R., sister, 12 years, tall, poorly nourished girl, with long narrow 
chest, slight cervical glandular enlargement ; negative to physical examina- 
tion ; pulse 66, temperature 97.2 ; negative to the Von Pirquet test. 

Maude R., sister, 10 years, well-developed, fairly well-nourished girl, 
with well-shaped chest; negative to physical examination; suffering from 
la grippe; pulse 110, temperature 100.8; Von Pirquet test negative. 

Roy R., brother, 5 years, well-grown, well-nourished boy, showing some 
cervical glandular enlargement ; temperature 99 ; negative on physical exami- 
nation and negative to the Von Pirquet test. 

Robert R., brother, 2 years, normally developed baby, with slight cervi- 
cal glandular enlargement ; negative on physical examination and negative to 
the Von Pirquet test. 




The house conditions here are bad. Small, dark, dirty rooms. Pearl has 
a room to herself, but eight others sleep in two rooms. Can find no evidence 
of tuberculous infection in this family. 

Mrs. Anna V., 21st Avenue South. February 27, 1911. 

This woman, 43 years, poorly nourished, with a barrel-shaped chest, has 
had asthma for- years. No tubercle bacilli have ever been found in her 
sputum. She was examined by the writer a year ago and she is now in 
the same condition as at that time. She shows no evidence of tuberculo- 
sis. Is negative to the Von Pirquet test. 
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The father and one son were not examined. 

Gladys V., daughter, 14 years, very large, well-developed girl, well- 
nourished, negative to physical examination, negative to the Von Pirquet test. 

Mary V., daughter, 11 years, very large, well-nourished girl, negative 
physically, and negative to the Von Pirquet test. 

Edward V., son, 6 years, large, well-nourished boy, negative to phys- 
ical examination, negative to the Von Pirquet test. 
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In this family of six individuals, four were examined and none of them 
showed evidence of tuberculous infection. 



Benjamin W., Lyndale Place. May 21, 1911. 

This man, 45 years, is well-built and well-nourished, has chronic bron- 
chitis, and gives a history of asthma; pulse 68, temperature 98.6; Von Pir- 
quet test negative, subcutaneous test negative two years ago. 

Fanny W., wife, 37 years, well-developed, fairly well-nourished, nega- 
tive physically, negative to the Von Pirquet test. 

Jennie W., daughter, 12 years, slight, underdeveloped girl, fairly well- 
nourished, with poorly shaped chest, anemic ; physical examination shows a 
heart lesion ; pulse 84, temperature 100 ; Von Pirquet test negative. 

Allie W., son, 9 years, slight, underdeveloped, poorly nourished boy, 
with poorly shaped chest ; has chronic bronchitis ; pulse 98, temperature 99.8; 
Von Pirquet test negative. 

Aaron W., son, 6 years, short, heavy l)oy, with well- formed chest; nega- 
tive to physical examination, negative to Von Pirquet test. 

Isadore W., son, 4 years, short, heavy child; has well-shaped chest; 
negative physicalty and negative to the Von Pirquet test. 
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Of this family three members, the father, age 45, Allie, age 9, and 
Jemiie, age 12, have been reported to the visiting nurses as tuberculous. 
The only one presenting suspicious signs is Allie. In the absence of a posi- 
tive Von Pirquet he is classed negative. The house is light, roomy but ill- 
ventilated. Diet insufficient. They have been supervised as tuberculous 
cases for two or three years. 

The following five families were selected as non-tuberculous families 
and are used as controls, together with the preceding ten families, who 
proved on examination to be non-tuberculous : 

Nicholas C, 19th Avenue Southeast. May 27, 1912. 

The father of this family could not be examined. 

Mrs. Anna C, 30 years, robust, well-developed wcmian, negative to 
physical examination, gives a positive reaction to the Von Pirquet test. 

Henry C, son, 9 years, well-developed, well-nourished boy, negative to 
examination, negative to the Von Pirquet test. 

Lucile C, daughter, 7 years, well-developed, well-nourished child, nega- 
tive to physical examination, negative to the Von Pirquet test. 

Esther C, daughter, 5 years, slight, underdeveloped, poorly nourished 
child, negative to examination, and negative to the Von Pirquet test. 

Ralph C, son, 4 years, slender, poorly nourished child, negative to 
physical examination, negative to the Von Pirquet test. 

Isabel C, daughter, 2 years, well-developed, well-nourished child, nega- 
tive to physical examination, negative to the Von Pirquet test. 




In this family of seven individuals who have never been exposed to 
tuberculosis there is evidence of tuberculous infection in one individual. 



T. G. C, 19th Avenue Southeast. May 27, 1912. 

This man was not examined. 

P. C, wife, 40 years, who is stepmother to these boys, is a slight, poorly 
nourished woman, who is negative to physical examination and negative 
to the Von Pirquet test. 
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Edmund C, son, 12 years, well-developed, well-nourished boy, negative 
to physical examination, negative to the Von Pirquet test. 

Morris C, son, 7 years, a slight, underdeveloped boy, negative to phys- 
ical examination, and negative to the Von Pirquet test. 





In this family of four individuals, three were examined and none 
showed evidence of tuberculous infection. 

David D., 21st Avenue Southeast. May 27, 1912. 

This man, father of this family, was not examined. 

Lilian D., wife, 34 years, strong, well-nourished woman, negative to 
physical examination and negative to Von Pirquet test. 

Ethel D., daughter, 14 years, well-developed, well-nourished girl, nega- 
tive to physical examination and negative to the Von Pirquet test. 

Ida D., daughter, 13 years, well-developed, well-nourished girl, nega- 
tive to physical examination, and negative to the Von Pirquet test. 

Gladys D., daughter, 12 years, well-developed, well-nourished girl, nega- 
tive to physical examination and negative to the Von Pirquet test. 

Ruth D., daughter, 9 years, well-developed, heavy girl, negative to 
physical examination and negative to the Von Pirquet test. 

Artys D., daughter, 6 years, short, heavy girl, negative to physical ex- 
amination and negative to the Von Pirquet test. 

Arthur D., son, 1 year, heavy, well-developed baby, negative to phys- 
ical examination and negative to the Von Pirquet test. 
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In this family of eight individuals, seven were examined and none 
showed evidence of tuberculous infection. 



S. M.W. May 14, 1912. 

This man and his wife were not examined as they are reliably reported 
non-tuberculous. 

A. W., son, 12 years, is a large, very well-developed, well-nourished boy, 
negative to physical examination, and negative to the Von Pirquet test. 

E. W., daughter, 9 years, tall, well-developed girl, negative to physical 
examination, and negative to the Von Pirquet test. 

M. W., daughter, 5 years, well-developed, well-nourished girl, negative 
to physical examination, and negative to the Von Pirquet test. 




In this family of five individuals, three were examined and none showed 
evidence of tuberculous infection. 

H. G. L. July 10, 1912. 

This man, 41 years, is negative to physical examination and negative to 
the Von Pirquet test. 

Edith L., wife, 32 years, negative to examination and negative to the 
Von Pirquet test. 

Laird L., son, 9 years, large, well-developed boy, negative to the Von 
Pirquet test, and negative to physical examination. 

Elizabeth L., daughter, 6 years, tall, poorly nourished child, negative to 
physical examination, and negative to the Von Pirquet test. 

Robert L., son, 2 years, small, poorly developed baby, negative to phys- 
ical examination, and negative to the Von Pirquet test. 
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In this family of five individuals, all were examined and none showed 
evidence of tuberculous infection. 
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In thirty-three families classed as containing open cases of pulmonary 
tuberculosis, 173 individuals were examined. Of those examined, 124 indi- 
viduals showed evidence of tuberculous infection, 41 showed no evidence of 
tuberculous infection, and 8 individuals were doubtful or suspicious. These 
suspicious cases were those which showed more or less signs of tubercu- 
lous infection but gave a negative Von Pirquet test ; or not showing ph3rsical 
signs, gave an atypical reaction to the tests employed. All those classed as 
infected with tuberculosis gave a typical reaction to the tuberculin tests. Of 
the eight suspicious cases, one has since been declared tuberculous at the 
University Dispensary and one has had a pulmonary hemorrhage; both 

were adults and neither is included' in the list of tuberculous infections. 
Among the 124 showing evidence of tuberculous infection are the 23 

living center cases. Deducting the 23 center cases, we have 101 individuals 

presumably infected from 33 open center cases, or 3 and %s for each case. 

Excluding the center cases, 67 per cent of the individuals exposed showed 

evidence of infection with the tubercle bacillus. 

In four families classed as containing latent center cases, 22 individuals 
were examined. Of those examined 8 showed evidence of tuberculous infec- 
tion and three were suspicious. Deducting the four center cases, we have a 
spread of infection in 22 per cent of individuals exposed. 

In three families classed as containing healed center cases, 12 individuals 
were examined. Of the 12 examined, 6 showed evidence of tuberculous in- 
fection. Deducting the three center cases, we have a spread of infection in 
33 per cent of the individuals exposed. 

In ten families classed as containing non-tuberculous center cases, 56 
individuals were examined. Of the 56 examined, one individual showed evi- 
dence of tuberculous infection and two were suspicious, an infection of 1.7 
per cent of all individuals in the household. 

In five families classed as controls and containing no reported or sus- 
pected cases of tuberculosis, 24 individuals were examined. Of those exam- 
ined, one showed evidence of tuberculous infection, 4.1 per cent of all 
individuals in the household. 

Dividing all families examined into two classes, tuberculous and non- 
tuberculous, there were forty tuberculous families and fifteen non-tubercu- 
lous families. In the forty tuberculous families 207 individuals were ex- 
amined, of whom 138 individuals showed evidence of tuberculous infection. 
In the fifteen non-tuberculous families 80 individuals were examined, of 
whom two showed evidence of tuberculous infection and two were suspi- 
cious. That is, 66^ per cent of individuals examined in tuberculous families 
showed evidence of tuberculous infection, and 2j4 per cent of the individuals 
examined in non-tuberculous families showed evidence of infection with 
tuberculosis. 

Among the forty tuberculous families there are ten families containing 
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54 individuals, of whom every member was examined, and in which every 
member showed evidence of tuberculous infection. 

Three families containing 12 members, of whom 7 were examined, 
showed evidence of tuberculous infection in all those examined. 

In the latent group there was one family of seven individuals, of whom 
four were examined in whom no evidence of tuberculous infection could be 
found outside of the center case. Another latent case in a family of four 
showed only one individual infected, namely, the wife, and this probably a 
coincident infection as she had been otherwise exposed. No tubercle bacilli 
had ever been found in the sputum of this center case. In another latent case 
there were five children and the wife besides the center case, and only one 
child showed evidence of infection. 

In another latent case where both husband and wife had been reported 
open cases there was but one child out of five who showed evidence of in- 
fection. One of the healed cases showed no spread of infection in a family 
of four. Another, where the mother is a healed case, shows two out of four 
children with evidence of tuberculous infection. In this case the history 
would indicate that the lesion had healed before the birth of the two im- 
mune children. In another case where the mother was diagnosed as an 
open case, her health greatly improved before the birth of her sec- 
ond child, the oldest child shows evidence of tuberculous infection and the 
two succeeding children do not. 

The analysis of the non-tuberculous cases is simple. The one case of 
tuberculous infection found in the ten non-tuberculous families, which had 
been reported to the visiting nurses as tuberculous or suspected families, was 
the wife of a man who had been reported tuberculous and had been super- 
vised for a number of years. He had at one time lost weight and at differ- 
ent times had hemorrhages, but no record of tubercle bacilli having been 
present in his sputum could be found. He showed no signs of a tuberculous 
lesion, and did not react to the tuberculin tests. The wife had not been a 
suspected case and showed no signs on physical examination, but reacted to 
the tuberculin tests. The family of seven children, five of them under six 
years of age, were without any indication of tuberculous infection. One 
other case with evidence of tuberculous infection occurred in one of my con- 
trol families where no tuberculosis was suspected. The woman who showed 
evidence of tuberculous infection gives a history of having been in delicate 
health for two years during childhood. She has five healthy non-tubercu- 
lous children. 



The following is a statement showing the percentages of tuberculous 
infections in thirty tuberculous families in which there were open cases, con- 
trasting those supervised by visiting nurses with those not so supervised; 
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also between the cases not supervised and those supervised for different 
lengths of time. The time of supervision was obtained from the records of 
the visiting nurses of the Associated Charities, Minneapolis, Minn. 

In eleven families supervised for less than one month, including all 
those not supervised at all, 55 people were examined. Of these, 43, or 78.2 
per cent, showed evidence of tuberculous infection. 

In nineteen families supervised for more than one month, 100 indi- 
viduals were examined. Of these, 74, or 74 per cent, showed evidence of 
tuberculous infection. Average time of supervision, VZyi months. 

In thirteen families supervised for more than six months, 74 individuals 
were examined. Of these, 54, or 73 per cent, showed evidence of tuber- 
culous infection. Average time of supervision, 16j^ months. 

In six families supervised for more than one year, 24 individuals were 
examined. Of these, 16, or 66j4 per cent, showed evidence of tuberculous 
infection. Average time of supervision, 26>^ months. 

In four families supervised for over two years, 17 people were exam- 
ined. Of these, 12, or 70% per cent, showed evidence of tuberculous infec- 
tion. Average time of supervision, 32^^ months. 



I conclude from the above studies, first, that the spread of tuberculous 
fnfection in families where open cases of tuberculosis exist is greater than it 
is generally understood to be. Sixty-seven per cent of the individuals of 
these families, excluding the center cases, show evidence of tuberculous in- 
fection. In no case where there has been definite proven exposure of a 
family to an open case of tuberculosis, no matter what precautions have been 
taken, have I failed to find a spread of infection. In at least ten cases in- 
vestigated, the infection has spread to the limit of available material. Every 
member of these ten families shows evidence of tuberculous infection. 

Second, that in families where no cases of tuberculosis have been found, 
no matter what the home life or living conditions were, the number of indi- 
viduals showing evidence of tuberculous infection was small, namely 2^4 
per cent 

Third, that in families where cases of latent tuberculosis exist, the 
spread of infection is not as great as in families where open cases of tubercu- 
losis are found, 22 per cent against 67 per cent. 

Fourth, that in families where healed cases of tuberculosis are present, 
the spread of infection is less than in families where open cases exist, 33 
per cent against 67 per cent. 

Fifth, that in families where no tuberculosis is found, the number of in- 
dividuals showing evidence of infection is very small (2j4 per cent) in com- 
parison with the families in which open, latent, or healed tuberculosis exists. 
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THE IMPORTANCE OP SEED CHARACTERISTICS IN 

THE NATURAL REPRODUCTION OP 

CONIPEROUS PORESTS 

Introduction 

Almost all coniferous trees are dependent on seed for their perpetuation 
and distribution. Although in their natural state coniferous forests have 
maintained themselves and extended their boundaries with only minor or 
local changes of composition, this apparent equilibrium in nature is easily 
upset by man's exploitations, such as destructive lumbering, repeated 
fires, and unregulated grazing. The effort to find the cause for the ease 
with which this climax type of the plant kingdom is disturbed or entirely 
replaced led to a study of the seed. 

This study has brought out many valuable facts about seed character- 
istics and their importance in the perpetuation and distribution of the 
forest. Seeds and their behavior have been studied in the laboratory and 
in the field with special emphasis on the importance of size, vitality, length 
of time required to germinate, and other characteristics. 

Amount op Seed 

The production of seed is an important factor in the perpetuation of 
the tree species, although the periodicity of seed years and quantity of 
seed produced by one species may vary widely from these same factors in 
another species. The variations of seed production of one species are 
often weighed against the same factors of another species, to advantage 
or disadvantage as the case may be. This appears to be true when associ- 
ated species such as yellow pine {Pinus ponderosa) and lodgepole pine 
{Pinus contorta) or Douglas fir (Pseudotsuga taxifolia), hemlock {Tsuga 
heterophylla), western red cedar (Thuya pliccUa), and western white pine 
(Pinus mofUicola) are considered. The yellow pine is able to compete 
successfully with lodgepole pine under conditions favorable to the ydlow 
pine. The lodgepole pine is, however, a much more prolific seeder, pro- 
ducing greater quantities of seed than does the yellow pine. What the 
lodgepole pine loses in ability to contend with unfavorable conditions, it 
gains in having many more seeds and consequently more seedlings with 
which to begin the struggle. 

This is also true of the hemlock and its associates. If the enormous 
quantity of seed produced annually by the hemlock had the same chances 
of success as the species with which it associates, such as the Douglas fir, 
western white pine, and larch (Larix occidentalis), the entire forest would 
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soon be of hemlock. The small seed of the cedar is a good example. 
Although there is much seed of this species produced annually, the fact 
that it is smaU, produces a small seedling, and requires exceptionally 
favorable conditions for germination and establishment, limits the species 
and prevents it from getting entire possession of the ground. 

In the Lake states, the jack pine (Pinus divaricoAa) produces many 
more seeds than the white pine {Pinus strobus) or the Norway pine (Pinus 
resinosa), and these species are always in keen competition with one 
another, resulting in the triumph of the jack pine in localities favorable to it. 

Periodicity of the seed years is variable; so much so that it can not be 
considered in any practical application in planning for future forest work. 
It must, however, be considered in determining when the latest heavy 
crop of seed was produced. The forests produce seed sometimes 
annually and sometimes at periods of two or three years or even more. 
It is sufficient to know for the purposes of managdnent, whether the latest 
crop was a sparse, medium, or heavy one. 

In any average seed year, a forest ftunishes enough seed to produce, 
under favorable conditions, an adequate stand of seedlings.^ The heavy 
toll of rodents, fungi, drought, frost, and other unfavorable germination 
conditions, however, reduces the number of seedlings resulting from a 
single crop to a minimum. 

In regard to seed production Darwin says: "Large numbers of seed 
are destroyed. The greater the chance against any given seed reaching 
a suitable locality and attaining maturity, the larger the number of seeds 
must the plant produce in order to maintain its nimibers and as a general 
rule the smaller will the individual seeds be. On the contrary the greater 
the chance that each seed enjoys of arriving at maturity, the smaller the 
number of seeds that is necessary, and in such cases it is an advantage 
that the seeds should be large." 

Distribution op Seed 

Many species of coniferous trees bear seed with wings attached, being 
thus adapted for wind distribution. Most of the seeds have a wing 
attached to one side of the seed only. In an ordinary wind of ten or twelve 
miles an hour, such seed when released from the cone begins a downward 
spiral course and lands within 150 feet of the base of the tree. Since in 
a large part of our coniferous forests there is usually little wind in the 
p.utumn, or seeding time, wind can be considered a factor in seed distribu- 
tion for only short distances from the seed trees. To be sure, the occasional 
blast of wind at the higher altitudes, blowing at the rate of seventy-five 
miles an hour, as has been measured by the writer in the Cascade 

> Raphael Zon, Seed production of western white pine. UniUd Statu Dtpartnuni cf AgrictUhm, 
For$ti Strwict BulUtin no. 210. 
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Mountains of Washington, may carry an occasional seed for a long distance, 
but satisfactory reproduction over large areas never results from a few 
seeds sown in this way. 

Animals play a rather incidental part in seed distribution, and the 
carrying of seed by birds may account for the occasional trees fotmd in 
unusual places. The most striking instance of animal distribution is seen 
in the yellow pine regions where squirrels, chipmtmks, and mice collect 
and cache seeds and cones. Usually the caches are under logs, in 
stumps, or other hiding places. Often on the grassy slopes of the yellow 
pine region squirrels store separate cones under tufts of grass. The writer 
has examined and collected cones from such caches that covered areas 
200 square feet or more. Mice also cache small piles of clean seed under 
grass tufts. Naturally rodents do not find all of the stored cones and 
seed, and in this way they become planters of seed even though they take 
heavy toll for their work. This accounts for the patches of yellow pine 
reproduction on some of the grassy slopes of western Montana and Idaho. 
Tufts of yellow pine have been found containing frqm ten to twenty 
seedlings. 

METHODS OP STUDY 

To determine seed distribution, belt transects S}4 f^t wide were run 
2J4 chains apart, covering S per cent of the total area, thus crossing it 
often enough to get representative areas under all conditions of moisture, 
shade, exposure (as to slope), and soil. 

The belt transect shows the continuous conditions through the vege- 
tation of a formation and gives graphically the relations of the various 
aspects and situations. It furnishes a record of the heterogeneity of the 
area in respect to species and soil conditions. The transect is preferable 
to the plot or qtiadrat in most instances, because the qtiadrat gives only 
a local record, and does not give topography and circtunstances leading 
from one homogeneous formation to another. 

Notes were taken on the kinds of soil, whether silt, sandy, rocky, 
clay, etc., vegetation cover, condition of soil, whether mineral or covered 
with humus, duff, or Htter, and amount of charred logs and slash on the 
groimd. Ntimber and age of each species of seedlings present were recorded 
with conditions under which each individual or group of seedlings was 
found, as to soil, shade, or protection by logs or slash. 

The foUo^wing detailed report of an area studied in northern Idaho 
shows the methods used: 

Designation Kaniksu-Fidelity Lumber Co., March 18, 1907. 

Location Sec. 26, T. 57N., R. 5W.. Boise M. 

Topography Rolling, traversed by Pine Creek — a non-drivable stream — 

and the West Branch River — a drivable stream. Slopes 

and ravines shown by map. 



Plate I 

The Migration Chart shows the area divided into units having similar factors 
influencing reproduction. These areas are designated by the letters of the alphabet. 
A letter appearing on two or three areas indicates that these areas are similar. 

Areas A, B, C, and D are all within seed plots under about 50 per cent shade 
with sparse annuals and ground cover of duff, humus, and litter. The s6ed trees in 
the plots are healthy except in C and in the edge of D where they have been badly 
damaged by fire. 

E is an area of unbumed, partially piled slash on a steep north slope of 20 to 40 
per cent, with scattered small trees of hemlock and cedar. The ground cover is of 
sparse annuals and patches of duff, humus, and litter. 

P is an area of unbumed, partially piled slash on a southeast slope of 15 to 20 
per cent. The ground cover consists of scattered annuals, and a large per cent of 
the soil is covered with litter and duff. • Scattered trees of hemlock and small cedar 
were left standing on this area. 

G is practic^y level. The greater portion of it is unbumed slash, partially 
piled, and the northern part of it has a pole stand of grand fir and cedar. The ground 
cover consists of a few annuals and litter and duff with some exposed places of mineral 
soil. 

H is a south and west slope of 10 to 40 per cent, and is a very dry and hot situa- 
tion. The north half of this area is covered with slash, piled but unbumed. The 
ground is covered with scattering annuals and tufts of grass, except along the West 
Branch River where there is a heavy cover as previously described. 

J is the general broadcast burned area of flat benches and slopes. The ground 
cover is described in the general description. 




Plate I 

Shoeing the migration of the seed from the seed trees 
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Sou Silt and sandy loam, dry, gravelly on hillsides. 

Condition b€fore cnUing, Forest mature and over-mature consisting of two-age classes 

of 100 years and 200 years. Considerable ftmgus and 

insect injury. 
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Reproduction Hemlock and cedar heavy throughout. White pine and 

larch in groups in openings. 
UtiUtation All merchantable timber, living and dead, standing and 

down, cut. 

Brush disposal All unmerchantable timber, slashed and broadcast, burned. 

Burned-over June, 1910. 

Seed years Good seed crop in 1909 and a fair crop in 1911. 

Sylviculiural system .... Clear cut with seed plots. 
Condition at time of examination, September 1912. 

Ground cover. Scattering individtials of wild rose {Rosa)^ bearberry 
(Arctostaphylos) , thimble berry (Rubus), Solomon's seal {Polygonatum), 
fern (Pteris), fireweed (Epilobium), motmtain maple (Acer), willow (Salix), 
service-berry {Amelanchier), vetchling (Lathyrus), thistle (Carduus), horse- 
tail (Equisetum), lupine (Lupinus), alder (Alnus), goldenrod (Solidago), 
spiraea, lamb's quarters (Chenopodium), various kinds of grasses in tufts 
and heavy stands on river bottom flats, and clover {Trifolium) along the 
road sides, make a grotmd cover of about SO per cent. This, however, is 
not an even cover as the vegetation is in groups with many open or 
sparsely covered areas. 

The areas burned over are quite free from any material except some 
scattered charred logs. The mineral soil is exposed in some places and 
other areas are covered with humus and duff. Unbumed strips covered 
with pine needles and wood litter occur along the timber. The soil has 
been in excellent condition for reproduction since the bum of 1910, and 
was in good condition at the time of the examination. 

The cut-over area as a whole is naturally divided into units which have 
similar factors influencing reproduction, as seed-plots, slopes, slash, etc. 
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The Migration Chart shows that the reproduction is much heavier on 
all of the areas where the slash was left unbumed. This is undoubtedly 
due to the seed and seedlings left on the ground at the time of cutting, as 
there are no seed trees in the vicinity of areas E, F, and G to reseed them. 
All of the burned areas adjoining have no reproduction. Areas E, F, and 
G have seed trees of cedar and hemlock, but no white pine. 

As shown by the Migration Chart, the distance of seeding from the 
seed trees seldom exceeds 2 chains. 

Conditions where the seedlings were found were very similar to the 
conditions of the area in general, indicating that no seed had been sown 
on the areas farther than shown by the Migration Chart. 

These points were borne out by several areas studied in this region. 
They were also verified by intensive studies on the Yacolt bum of 1902, 
now in the Colimibia National Forest in Southern Washington. This 
bxim covers over 600,000 acres, and areas of htmdreds of acres have no 
green trees left. 

The distance of seeding to produce an adequate stand of seedlings, SOO 
to 1,000 per acre, in the localities studied on the Yacolt bum was found 
to be 2 to 4 chains for Douglas fir, noble fir, and amabilis fir; 3 to 5 
chains for hemlock, and cedar; and usually 2 chains for white pine. 

Germination op Seed 

The length of time the seeds of a species require for germination often 
determines the success or failure of that species on certain sites. On some 
sites germination conditions are favorable for only a short period, con- 
sequently in order to take advantage of such periods a seed must germinate 
quickly. Where seeds of western yellow pine germinate in eight to ten 
days, the seedlings have a decided advantage over the western white pine, 
which may take fifteen to twenty days or more to germinate under the 
same conditions. In situations where the conditions are favorable for 
only three or four weeks, the early germinating seed assures success to that 
species, while the seed which germinated slowly may be only beginning to 
grow when unfavorable conditions occur, with a consequent loss of all 
germinating seed which has not established its seedlings. 

On the other hand, the habit of dormancy may prove advantageous to 
a species by preserving the seed until a favorable season stimulates it to 
growth. By the refusal to respond to the first short favorable period for 
germination, the following drought may be avoided. Seeds of this character 
are often early spring germinators after one, two, or even several seasons 
of storage. This characteristic has been fotmd in western white pine, 
Douglas fir, sugar pine, incense cedar, and others. When these species 
were sown in the nursery or seed spotted in the field, the germination 
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continued over several seasons. Instances of field sowing of Douglas 
fir and sugar pine have been fotind where the results were considered a 
failure the first season after sowing, and some germination appeared the 
second season, while the third season produced a very satisfactory germina- 
tion. While this may occur tmder favorable conditions of sowing, the 
length of the dormancy period in nature under an environment less 
favorable for germination is stiU ftirther prolonged. 

Size op Seed 

That the early development of the seedling is dependent on the food 
stored in the endosperm of the seed was shown by tests of seed of western 
yellow pine, Douglas fir, western hemlock, and western red cedar, in sand, 
in soil to which nutrient solutions had been added, and in potting soil 
made up of leaf mold and sand. The following nutrient solution was used: 

To each liter of water was added: 

1 . gram calcium nitrate 
. 25 " potassium chloride 
. 25 " magnesium sulphate 
0.25 " add potassium phosphate 
The soil was moistened with this solution and always watered with the 
same solution. 

The seeds germinated equally well under all conditions, but the dif- 
ferences were very soon noticeable after germination. 

Seedlings germinated in the sand came above the ground and appeared 
as good as those grown in the potting soil or in the nutrient solution. When 
the seed-coats were shed, they began to fail and apparently were unable 
to get any nourishment, or at least not sufficient to make any growth. 
After the cotyledon stage, these seedlings did not appear healthy and many 
of them soon developed their winter or resting buds. The seedlings in 
the potting soil and in the nutrient solutions made good growth and did 
not develop any buds until they had passed through the regular growing 
period. Those grown in distilled water grew until the food contained in 
the seed was exhausted, and then died. 

In this connection it was noted that the seedling growth the first season 
was directly proportional to the size of the seed. This fact gives species 
with large seeds an advantage over species with small seeds, for example, 
yellow pine seedlings would become established on dry sites where hemlock 
or cedar would fail. The yellow pine would be able to send down roots 
to the moist soil, due to the food stored in the seed, while the small-seeded 
species would have to depend on obtaining nourishment and moisture 
from the surface soil, and consequently fail. Table I shows the results 
of experiments with different depths of cover in loam soil to determine 
the influence of food stored in the endosperm. 



Platb II 

View of Yacolt bum of 1902, on the Columbia National Forest in southern 
Washington, showing edge of the green timber at the extreme right of the view; no 
other green timber in sight. This is part of the area where the reproduction study 
was made. Looking northwest from Lookout Mountain. 
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The above table shows that seedlings will grow up through soil a 
distance which is in direct relation to the size of the seed. The develop- 
ment of the seedlings showed that they will grow to a size which is in direct 
relation to the amount of nourishment stored in the seed. If the seedling 
can not reach the surface before the supply of nourishment in the seed is 
exhausted, it must die. On the other hand if it is able to get above the 
ground, even as a final effort, the cotyledons open up at once and turn 
green, enabling the seedling to obtain food through a new source, viz., the 
chlorophyll. 

It follows from this that seed may often germinate when covered with 
litter and duff and the seedling may not reach the surface, on account of 
the size of seed involved. Here then the larger-seeded species has an 
advantage over the smaller-seeded species. 

The occurrence of seedlings or trees of any species on any site indicates, 
that the site is, to some extent at least, favorable to the species found there, 
but it does not show that any other species would not establish itself or 
develop well there if given an opportunity. It is frequently merely a 
question as to which species first gets possession of an area immediately 
after the virgin forest is removed, or which species first had the opportunity 
of migrating there. In other instances it is clearly a matter of competition 
between species as to their ability to withstand the conditions of the site 
involved. 
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As one looks at the peaceful forest one should remember that under- 
nea^th the calm serenity of the scene there is a bitter struggle, a relentless 
internecine warfare between the trees already established there and those 
that are striving to enter from without. 

Soil temperature, soil moisture, aeration, and light are among the 
ecological factors which determine the establishment of a forest and deter- 
mine the types within a forest. A wide variation of any one of these 
factors on diiO^erent sites does not mean that the varying factor is the one 
which determines the type. Other factors, varying less, but approaching 
nearer to the limit of favorable conditions would have a greater influence 
on the germination of the seed or the establishment of the seedling. All 
the factors must be taken into consideration, and also the limits of each 
under which the seedlings will grow. While the moisture in the soil in 
two different localities may be equal, the soil texture may have a decided 
influence on the availability of the moisture for plants; that is, there would 
be a decided difference in the wilting coefficient. The fact that the surface 
soil often dries out, while at a depth of about six inches moisture may be 
present on protected slopes and absent on exposed slopes, gives decided 
advantage to seedlings with deep roots formed early in their development. 
For this reason, yellow pine has an advantage over hemlock and its asso- 
ciates in the forests of western Montana and Idaho. For the same reason, 
Douglas fir is able to establish itself on the drier slopes of the Cascades, 
while hemlock and cedar fail. A south slope covered with yellow pine or 
Douglas fir, and a north slope covered with hemlock, white pine, cedar, and 
other species, does not mean that each of these species is in its optimum 
habitat. It is rather a question of competition between species and of 
establishment. Yellow pine would produce excellent forests on some of 
the slopes occupied by other species if it could establish itself there. It is, 
however, crowded out by the large number of seedlings of the other species. 
On the other hand, the hemlock and cedar do very well under the conditions 
of the south slopes wherever they can get sufficient moisture to establish 
themselves. The reason these species are not in mixtture all through the 
forest is not due to a lack of seed or even to the germination of seeds on 
the different slopes. An example of this natture was noted by the writer 
where two types met on a ridge. The south slope was seeded with seed 
from species found on the north slope. Seedlings of hemlock and cedar 
and larch were found germinating along with those of Douglas fir and 
yellow pine in the spring of the year, but in the fall only some of the seed- 
lings of yellow pine and Douglas fir were left. The seedlings of the other 
species were unable to live through the dry period of the summer, due to 
their small roots and their inability to reach the moist layer of soil below 
the dry surface before they perished. These conditions are repeated year 
^er year, and yet the type remains unchanged. It is very noticeable 
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that, wherever a ravine or spring keeps a south slope moist, seedlings from 
the species of the north slope are found. 

Different slopes often get about the same amount of precipitation, but 
there is such a marked difference in the evaporation that the exposed 
slopes dry out while the north and protected slopes remain moist. 

The effect of site exposure is clearly shown by the following summary 
table of meteorological data gathered near the Wind River Experiment 
Station at a station on a south slope, at an elevation of 2,150 feet, one on 
a north slope at an elevation of 1,750 feet, and one on an intermediate 
flat at an elevation of 1,150 feet. All stations were in the same watershed 
and less than one-half mile apart. 

The important features of these results are the marked differences in 
evaporation during the critical drought period. During August the 
evaporation from water surface on the south slope was 15 . 1 inches, while 
on the north slope it was only 1.8 inches, with a corresponding moisture 
content of the surface soil on the south slope of only 1.0 per cent, while 
the north slope contained 6.5 per cent. With this extreme dry surface 
soil on the south slope, there still remained 11.2 per cent of moisture at 
6 inches deep and 10.4 per cent at 12 inches. This would support plant 
growth providing a large enough proportion of the absorbing root systems 
were contained in this layer of soil. 

In the spring of 1913, 100 seed-spots of Douglas fir were sown on each 
of the sites, south slope, north slope, and flat, and 25 per cent of the spots 
on each site were protected by cone-shaped wire screens to prevent damage 
by rodents. 

Three examinations were made. At the end of the season the seed-spots 
on the south slope had no seedlings, either in protected or unprotected 
spots, since all that germinated during the season died in the dry part of 
the summer. On the north slope the protected spots had an average of 
.69 seedlings per spot, and 44 per cent of the spots contained seedlings, 
while the unprotected spots averaged .25 seedlings per spot and 22 per 
cent of the spots had seedlings. Oh the north slope there was no loss of 
the total number germinated. On the flat the protected seed-spots averaged 
2.85 seedlings per spot and 88 per cent of the spots had seedlings, while 
the unprotected spots averaged .31 seedlings per spot and 34 per cent of 
the spots contained seedlings. The loss of the total germination on the 
flat was 6 per cent. 

In the spring of 1913, the following species were sown under wire screens 
on each site: Douglas fir, noble fir, western white pine, and western yellow 
pine. An area of about 16 square feet was sown to each species, one half 
of the area being put in as a regular seed-spot and the other half broadcasted 
without preparing the soil. 



TABLB II 

SmofAftT OP Mbtborological Data op Stations on South Slops, North Slopb^ 

AND Flat 

averaged by months 



• 


A»bil 


Mat 


JUMB 


July 


Aug. 


SlPT. 


Oct. 


Sooth flops 


46.0 
46.0 
44.0 

45.0 
43.0 
45.0 

44.5 

42.0 
44.5 

43.0 
46.0 
44.0 

31.8 
29.1 
23.3 

30.5 
35.9 
26.3 

31.5 
27.5 
28.4 


82.0 
71.0 
80.0 

37.0 
38.0 
37.0 

59.2 
56.2 
60.0 

51.6 
49.7 
54.4 

50.9 
49.0 
51.9 

60.0 
62.0 
62.0 

63.2 
68.4 
64.6 

4.2 
2.0 
3.4 

22.7 
29.8 
29.3 

27.4 
23.1 
28.9 

25.9 
26.0 
25.1 


113.0 

81.5 

109.5 

46.0 
48.7 
47.7 

63.2 
63.2 
69.7 

60.5 
58.6 
62.7 

59.2 
57.5 
60.5 

55.0 
61.0 
62.0 

81.7 
75.5 
75.7 

4.9 
1.6 
3.8 

22.2 
23.2 
35.5 

21.2 
25.9 
25.7 

19.3 
26.7 
26.2 


109.2 

77.2 

117.5 

48.2 
52.5 

47.8 

90.0 
69.2 
92.2 

67.5 
61.2 
68.2 

63.2 
59.0 
64.7 

79.0 
75.0 
80.0 

41.5 
45.2 
32.5 

4.4 
0.9 
3.0 

9.9 
15.3 
15.9 

18.9 
23.2 
24.0 

21.1 
23.0 
23.4 


129.4 

82.4 

139.2 

46.8 
51.0 
43.0 

121.0 

68.8 

104.6 

73.4 
63.4 
72.4 

69.2 
61.4 
67.6 

82.0 
75.0 
84.0 

35.7 
42.6 
30.8 

15.1 
1.8 
6.0 

1.0 
6.5 
2.3 

11.2 
17.5 
17.4 

10.4 
19.4 
21.1 


101.5 
63.5 
93.0 

43.2 
44.0 
38.2 

71.7 
54.5 

75.7 

60.5 
53.2 
55.9 

60.7 
53.7 
56.2 

68.0 
64.0 
72.0 

43.7 
52.5 
41.0 

4.0 
0.7 
2.4 

24.8 
27.4 
31.1 

28.7 
26.8 
29.4 

27.6 
18.9 
30.2 


79.5 


North iloM 


61.7 


PUt 


69.S 


Iflnimtini tempentore lorfaoe toil 
South tlope* ......... * ....... . 


38.2 


North ilopo 


37.5 


put 


33.7 


Stt maTltntiiii temperattirt torteot 
Sottth ilopo 


56.2 


North tlopo 


50.4 


put 


56.5 


Soil tempenitiire sis inches deep 
South ilopt 


52.2 


North ilopt 


50.0 


put 


49. a 


Soil tempemtare twelve inchee deep 
South elope 


52.6- 


North ilt^pe 


48.7 


put 


50.0 


Air tempemture 

South slope 


52.7 


North slope 


51.5 


PUt 


55.2 


ReUtive humidity 

South slooe. .................. 


74.2 


North slope 


75.0 


put 


68.0 


BvaiMration from water surface in 
inches 

South slope* 


2.7 


North iloiM ....*..*.... I ... . 


0.9- 


PUt 


1.3 


Per cent of water content in surface 
toU 
South slooe 


25.6 


North ilooe 


35.5 


put 


30.6- 


Per cent of water content in toil six 
inches deep 
South f tof>e* 


30.5 


North slope. 


32.1 


put 


30.2 


Per cent of water content in soil 
twelve inches deep 
South slope. 


31.8 


North slooe ..•• 


32.1 


put 


30.7 
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The sowing failed on the south slope. A few seeds germinated, but the 
seedlings perished during the dry season. The noble fir did remarkably 
well on the north slope, and the Douglas fir and white pine did fairly well, 
but the yellow pine failed. There was no loss of the total number germi- 
nated. 

On the flat the Douglas fir did very well and had a IS per cent loss of 
the total germination. The noble fir did fairly well, with a loss of 30 per 
cent of the total germination. The white pine germinated very little and 
had a loss of 46 per cent of total germination, while the yellow pine germi- 
nated very little, and IS per cent of the total germination died. 

The conditions under which the seedlings become established are shown 
in the following average summary of four areas studied in northern Idaho. 



TABLE III 

Conditions under Which Seedlings Were Pound Established 

IN Northern Idaho 



Soil 

On humus 

On duff 

On wood litter. . 

On mineral soil. . 
Protection 

In shade 

Under logs 

In open 

Age 

1 year old 

2 years old 

3 years old 

4 years old 

5 years old 



WbitbPinb 

PSR CBNT 



3 
34 
25 
38 

21 

8 

71 

37 

19 

34 

9 

1 



Cbdar 
Pbrcbnt 



2 

16 
22 
60 

54 

4 
42 

74 
9 

16 
1 



Hemlock 

PSR CBNT 



7 
19 
58 
16 

64 

8 

28 

87 
8 

4 
1 



Larch 
Per cent 



1 
32 
17 
50 

22 

8 

70 

25 

11 

55 

9 



Grand Fir 
Per cent 



9 

28 

8 

55 

15 
25 
60 

2 

4 

35 

50 

9 



In regard to the areas examined, the above tabulation shows that the 
white pine seedlings start about equally well on the duJBE, wood litter, and 
mineral soil, while the other species do not show any particular preference. 
In this study, moisture was fotmd to be the controlling factor, and the 
other conditions recorded are usually favorable only where they produced 
better moisture conditions. 

Effect of ground cover after burns or cuttings. An area was selected on 
a south slope at an elevation of 1,700 feet, where the groimd cover of wild 
pea vine and brush was very dense. One square rod was denuded of all 
vegetation and the area beside it left imtouched. Readings of air temper- 
ature at the height of the crowns of seedlings, and soil temperature at 
surface, 6 inches deep, and 12 inches deep were taken each week on the 
denuded area and in the adjoining area where the natural vegetable cover 
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was undisturbed. The object was to find the influence of ground cover 
following a bum or clearing. The results are summed up in Table IV. 

TABLE IV 
Natural Cover and Denuded Areas 





Mat 


Junk 


July 


Aug. 


Sbpt. 


Oct. 


Air Tbmpbkaturb 

Natural cover 


60.8 
72.2 

55.6 
52.2 
50.9 

74.5 
57.8 
56.3 

33.3 
21.3 
23.9 

11.0 
26.7 
23.2 


59.2 
64.4 

56.0 
55.2 
55.0 

67.5 
62.0 
61.5 

32.4 
26.7 
20.5 

10.2 
24.1 
25.7 


70.7 
84.7 

62.7 
60.5 
60.0 

92.5 
68.0 
67.0 

23.1 
20.0 
18.6 

4.1 
22.5 
21.1 


86.6 
102.8 

73.4 
68.4 
66.4 

124.2 
78.7 
74.4 

10.5 
12.9 
15.4 

1.0 
17.5 
19.8 


72.0 
76.2 

63.5 
61.0 
60.6 

89.2 
67.0 
66.2 

33.4 
29.5 
28.4 

12.7 
24.2 
27.2 


55.7 


Denuded 


60.0 


Soil Tsmpbratuks 

Natural cover, surface 


56.2 


Natural cover. 6 inches deep 


54.5 


Natural cover. 12 " " 


54.5 


Denuded surface 


64.5 


Denuded 6 inches deeo 


54.2 


Denuded 12 " ** 


56.2 


Pbr Cent Son. Moistusx Contsnt 

Natural cover surface 


36.5 


Natural cover. 6 inches deen 


26.5 


Natural cover. 12 ** ** .i......... 


27.7 


Denuded surface 


18.4 


Denuded 6 inches deeo 


29.0 


Denuded 12 •* " 


29.2 







* Air temx>erature taken at crown on one-year-old seedlings. 

Table IV shows clearly the effect of evaporation from surface soil when 
denuded, also the greater per cent of soil moisture at the 6-inch and 12-inch 
depths as compared with these same depths in the area having the natural 
ground cover of wild pea vine and bnish. Although the surface dried 
out on the denuded area, the 6-inch and 12-inch depths still contained 
more moisture than in the area of the natural cover, due to the moisture 
being taken out of the soil by the roots and evaporated from the leaves in 
the area under natural cover. 

The hot, dry surface soil shown in Tables II and IV accounts for the 
loss of one-year-old seedlings on these exposed slopes, while the moist, 
cooler surface under plant cover gives the young seedlings protection. 
The greater amount of moisture in the 6-inch and 12-inch depths on the 
denuded area and exposed slopes also shows why seedlings with deep roots 
early in their development will succeed on such slopes. 

The following plates show the size of seedlings of various species of 
conifers up to one year of age. As will be noticed in the plates, the size 
of the seed influences directly the size of the seedling in its early life. 





niitolsuga laxijolia 

Douglits fir 

(Size h) 
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Plate IV 

Abies nobilis 

Noble fir 

(SizeK) 



Plate V 

Pinus monlicola 

Western white pine 

(Size K) 



12 




Plate VI 

Pinus strobus 

Eastern white pine 

(Size %) 



tl 



^••^^ 



A B 



> 





Plate VIII 

Pinus divaricata 
Jack pine 

(Size )i) 




Plate X 

Tsuga mtrlensiana 

MouDtain hemlock 

(Size h) 



Plate XI 

Thuya plicala 

Western red cedar 

(Size H) 



' DESCRIPTION OP PLATES 

Plate III 

A. Seed. Color: light reddish to a dark brown and lustrous above, pale white mottled 

with brown below, smooth. 

Size: 4-6 mm. long; 2.5-4 mm. wide at the widest point, tapering to a point 
opposite wing. Wings dark brown, 6-8 mm. long, 3-4 mm. wide at 
widest part just below the middle, tapering to a rounding apex. 

Weight: average 35,000 seeds per pound. 

B. Seedling as it appears above ground, about to shed seed-coat. Hypocotyl green 

to reddidi tinge, cotyledons green. 

C. Seedlings with cotyledons; green. Cotyledons 1.5-2.5 cm. long; linear tapering 

point; 6-9 in number. 

D. Seedling one year old. Showing remarkable root system adapting it to the drier 

slopes and causing unusually fast growth. 

Plate IV 

A. Seed. Color: pale reddish brown, slight tendency to be glossy. Wing very 

slightly lighter brown than the seed. 

Size: 10-12 mm. long, 5-6 mm. wide at widest part near wing. Tapering to 
a point. Wing 10-15 mm. long, 12-15 mm. wide with widest part at 
top and forming a triangular shape with seed. Top also truncate. 

Weight: 25,000 per pound. 

B. Seedling as it appears above ground, about ready to shed seed-coat. Hypocotyl 

reddish green. Cotyledons green. 

C. Seedlings in cotyledon stage. Cotyledons 2-3 cm. long, 4-7 in number, usually 6. 

Long lender, tapering point. 

D. One-year-old seedling. A well developed plant. 

Plate V 

A Seed. Color: pale reddish brown, mottled with black. 

Size: 5-7 mm. long, 4-5 mm. wide at widest part; oblong to triangular in 
shape. Wings light brown, 1.5-2.5 cm. long, 5-7 mm. wide at widest 
point, just above the middle. Rapid taper from widest point to a 
rounded apex. 

Weight: average 30,000 seeds per pound. 

B. Seedling as it appears above ground; green — sometimes pinkish, about to shed 

seed-coat. 

C. Seedling with cotyledons. Cotyledons 2-2.5 cm. long, 6-9 in number, tapering 

point. 

D. Seedlings one year old, showing strong root system enabling the seedling to 

establish itself. True leaves in bundles of 5 do not appear until second 
season. 



Platb VI 

A. Seed. Color: reddish brown, sometimes lighter brown mottled with black. 

Wings dark brown. 
Size: 5-6 mm. long, 3-4 mm. wide at widest part, oval to triangular shaped. 

Wings 1-1.5 cm. long, 5-6 mm. wide just above seed and tapering 

gradually to an almost pointed apex. . 
Weight: 35,000 per pound. 

B. Seedling as it appears above ground, about to shed seed-coat. 

C. Seedlings with cotyledons. Stem pinkish green. Cotyledons 1.2-2 cm. long, 

linear with tapering point. 

D. Seedling one year old. True leaves in bundles of 5 do not appear until second 

year. Seedling weU established at end of first season. 

Plate VII 

A. Seed. Color: dull chestnut brown, mottled with grey. Wings lighter brown 

with strips of darker brown. 
Size: 4-5 mm. long, 2.5-3 mm. wide, almost round and oblong. Wings 

1-1.5 cm. long and .5-. 7 cm. wide at widest part near middle, tapering 

to oblique rounded point. 
Weight: 60,000 per pound. 

B. Seedling as it appears above ground, about to shed seed-coat. Pinkish stem. 

C. Seedling with cotyledons. Stem pinkish color. Cotyledons green, linear 2-2.5 

cm. long tapering point. 5 to 7 in number, usually 6. 

D. Seedling one year old, showing that it is well established at this age. 

Platb VIII 

A. Seed. Color: almost black, dull brown spots. Wings very light brown with 

darker brown stripes and margin. 
Size: 4 mm. long, 2 mm. wide at widest part, triangular in shape. Wings 

8 mm. to 1 cm. long, 3-4 mm. wide at widest part near middle, broad 

rounded apex. 
Weight: 120,000 per pound. 

B. Seedlings as they appear above ground, about to shed seed-coat. Hypocotyl 

pale pink. 

C. Seedlings with cotyledons. Cotyledons 1.2-1.8 cm. long, narrow long tapering 

point, green. 4-7 in number. 

D. Seedling one year old. Well established as shown by root system. 



Plate IX 

A. Seed. Color: dark brown, shiny on one side — side next to cone — and a greyish 

brown on other side. Wings dark brown. 
Size: 1-1.5 cm. long, 1-1.2 cm. wide. Very thick, oblong to triangular 

shape. Wings 1.5-1.8 cm. long, 1.5 cm. wide. Widest at top with 

very slightly rounded top. 
Weight: 2,370 per pound. 

B. Germinated seed just as seed-coat pushes above ground, showing deep root 

developed. 

C. and D. Seedlings one year old. Well developed root systems. Cotyledons 

3.5-4 cm. long. Green, 12-16 in number, tapering point. Stem 
reddish green. True leaves in bundles of 5 do not appear until second 
season. 

Plate X 

A. Seed. Color: brown to deep reddish brown. Wings pale brown merging to a 

reddish brown where wing is attached to seed. 
Size: 2 mm. wide, 5 mm. long, triangular shaped. Wing 5-6 mm. wide at 

widest part near top. 1 cm. long. About equal width throughout with 

broad rounded apex. 
Weight: 260,000 per pound. 

B. Seedlings as they appear above ground. Hypocotyl reddish tinge. Cotyledons 

pale green. 

C. Seedlings with cotyledons. Cotyledons 4-5 mm. long, linear with short tapering 

points. Midrib not as distinctive as in Tsuga heterophytta. 3-5 in 
number, usually 3 or 4. 

D. Seedling one year old. 

Plate XI 

A. Seed. Dry. Color: brown with lighter brown wings. 

Size: 3 mm. long, narrow; wings 4 mm. long and 3 mm. wide including wings. 

Wings usually unequal, forming obcordate apex with seed. 
Weight: 220,000 per pound. 

B. Seedling with cotyledons. Hypocotyl pale pink color; cotyledons linear 6 mm. 

loi^gt green, two in number. 

C Seedling one year old. 

D. Seedling three years old. First true leaves forming. This shows that it takes 
the seedling a long time to establish itself and that it must have favor- 
able conditions for more than one season. 
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A study of the foregoing plates will show the nature of the early 
development of these species. The noticeable thing is that the species 
which require the greatest amount of moisture are the ones in which the 
seedlings are slow in establishing themselves. The natural result of this 
is that these species are always found near the streams and on moist slopes. 
Cedar requires about three years to establish its seedlings, while a sugar 
pine or Douglas fir seedling is well established at the end of the first season. 
Hemlock is another example of a species with a small seedling during the 
first year, although it will produce a greater height growth than its asso- 
ciates after the seedling is established, that is, after the third or fourth year. 
It is clearly seen also that species which have large seeds establish their 
seedlings early, enabling them to live in places tmfavorable to smaller- 
seeded species. 

Viability op Seed 
seeds treated with chemicals 

The following experiments for viability tests of the seed of Pinus 
moniicola showed that the seed will stand rigorous treatment and still 
germinate. No attempt was ma.de to duplicate conditions as they might 
exist in the litter and dtiflE on the forest floor, but rather to test out the 
limit of endurance of the seed. 

Copper acetate. Five treatments were given varying in strength from 
four ounces to thirty-two ounces of copper acetate per gallon of water in 
which the seed was soaked for two hours. Germination was not affected 
and gave the same results as the untreated plot. 

Six treatments with strengths varying from two to four ounces per 
gallon of water in which the seed was soaked from twelve to twenty-four 
hours showed no effect on the germination. Traces of blue coloring in 
the endosperm of all of the treated seed showed that the solution had 
penetrated the seed-coats. This coloring was quite noticeable in the use 
of the stronger treatments. Some of the more strongly treated plots 
gave as good germination as those untreated, showing that the vitality of 
the seed was unimpaired. The seedlings that came up were thrifty and 
the root systems were well developed. 

Zinc chloride. Eight treatments were used varying in strength from 
two ounces of zinc chloride to one gallon of water, up to sixty ounces of 
zinc chloride to one gallon of water. Seed soaked for two hours showed 
no effect on germination. 

Four treatments, from % to one ounce of zinc chloride to one gallon of 
water applied to seed for thirty minutes, did not affect germination. 

Ten treatments, varying from one part of zinc chloride to fifty parts 
of water by weight, up to one part zinc chloride to five hundred parts 
water; and ten treatments, varjdng from one part zinc chloride to three 
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parts of water by weight, to one part of zinc chloride to forty parts of 
water, all showed no influence on the germination. Zinc chloride has 
been found to be a stimulant to germination in the work done in soil treat- 
ment for ftmgi, and was expected to be a stimtilant in germinating the 
white pine seed, but such did not prove to be the case. 

Ether. Seven treatments of ether, varying from dipping to exposing 
the seed to the ether fumes for four hours, showed that the seeds were killed 
if left in the ftmies for more than one hour. Liquid ether was put into a 
bottle and the seed suspended above it on a gauze, thus subjecting the seed 
to the ether ftmies. The bottle was closed with an air-tight glass stopper. 

Seed soaked in water. Seed was put into water at the following tem- 
perature in degrees Fahrenheit and left for forty hours: 100, 110, 120, 
130, 140, ISO, 160, 170, 180, 190, 200, 212. The temperature of the water 
was 65** to 70** F. when the seed was taken out. No germination was 
obtained above ISO** F., but the seed soaked in 140** germinated 10 per 
cent as compared with 4 per cent in the unsoaked seed, showing that this 
temperature had stimulated germination. 

Sulphuric acid. The following table shows the results of treatments 
of western white pine seed with sulphuric acid. 
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Exocarp and meso- 
carp charred 


F-A-15 


19 


1.6 


3.2 


Exocarp and meso- 
carp charred 
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23 


1.2 


3.0 


Exocarp and meso- 
carp charred 
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19 


2.4 


7.4 


Exocarp nearly re- 
moved and meso- 
carp and endocarp 
charred 


Untreated 


26 


1.0 


2.0 
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Untreated 
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1.2 


2.0 


Normal 


J4-A-30 


21 


1.6 


3.2 


Not discolored, seed- 
coats intact 


J4-A-60 


21 


1.6 


3.4 


Not discolored, seed- 
coats intact 


Jf-A-120 


37 


0.0 


2.0 


Not discolored, seed- 
coats intact 


Jf-A-180 


21 


0.8 


2.2 


Not discolored, seed- 
coats intact 



A i* Commercial sulphuric acid. 

F-A-5«Seed soaked in acid, full strength, for 5 minutes, etc 

H-A vOna-half strength acid, that is, equal parts with water. 



Platb XII 

View on Oregon National Forest in northern Oregon showing the results of a 
second fire. This area was burned over in 1902 and followed by dense reproduction 
of Douglas fir, noble fir, hemlock, and cedar. The second fire ran through in 1909. 
Note that the second fire is not followed by reproduction. 
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Commercial sulphuric acid chars the seed-coats as soon as the seed is 
immersed. Where the seeds were left for thirty minutes and more in the 
full strength acid, the seed-coats could all be removed by slightly rubbing 
the seed, thus leaving the endosperm naked. Even in this condition, the 
viability of the seed was unimpaired, and, as the table shows, the strongest 
treatment gave the best germination results. 

Seed treated with half strength acid showed no appreciable effects 
upon the seeds or on the germination. 

Germination in all of the plots was perfectly normal. Seedlings in all 
the treatments appeared healthy and thrifty. Seedlings in the plots 
treated with the full strength acid for the longer periods appeared above 
grotmd, bringing up the endosperm without the seed-coat, and in some 
cases the cotyledons grew out through the sides of the endosperm. Seed- 
lings appearing in this way produced strong, vigorous plants however. 

Seal that was soaked in C. P. sulphuric acid for one hour was covered 
with water after the acid \jras poured off. The reaction created a tempera- 
ture of 168** F. The exocarp was charred and most of it destroyed by 
the acid. The mesocarp and endocarp were also charred so that they 
rubbed off easily, but the endosperm or food material of the seed was 
apparently uninjured. Some of the seed germinated. Seed soaked for 
more than one hour and treated with water failed to germinate. 

Aside from the experiments made to test out what severe conditions 
seeds will withstand and still retain their viability, the following chemical 
experiments to determine influence on germination were done with the same 
species, Pinus manticola. 

Copper sulphate. Ten treatments, varying from one part copper 
sulphate to one part of water by weight, up to one part copper sulphate 
to five and one-half parts of water, showed that germination was stimulated 
by the chemical. The seed-coats opened in a few days, but as soon as 
they separated the copper sulphate solution stained and killed the germi- 
nating seed. 

Copper acetate. Ten treatments, varying from one part copper acetate 
to one part water by weight, to one part copper acetate to five and one-half 
parts of water, showed that germination was stimulated by the copper 
acetate, but the growing tips were killed as soon as they appeared. Chemi- 
cal injury occurred in all of the strengths used. In the weaker treatments, 
the germinating tips were stained blue, and in the stronger treatments 
the entire endosperm and plumule were stained blue. 

The above experiments show that the seed in the dormant state will with- 
stand very severe conditions, but is quite easily killed after germination 
begins. The chemical condition of the forest floor may therefore influence 
the viability of the seed and also be a major factor in determining the length 
of the period through which the seed will lie dormant and retain its viability. 
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It is known that seeds of other plants are viable for long periods, and 
the writer has known wild oat seed {Avena fatua) to remain in soil for 
seven years and produce a good germination the year it was plowed up. 

Becker* draws the conclusion that oxygen acts as a stimulant in seed 
germination, and many of the conditions \mder which the seed germinates 
or does not germinate seem to bear this out. 

Hatfield's* work on the Vitality of Seed showed that the Hibiscus 
militaris germinated after ten years. Rocky Mountain coltmibine after 
six years, tobacco, verbenas, ageratum, after several years' storage. 

Duval* found the following seeds germinated after being buried in 
layers of clay, not below the frost line, for three and a half years: Trifolium 
pratense, Trifolium repens, Polygonum avariculare, Bursa pastoris, Atithemis 
cotula. The soil was taken into the greenhouse and the seed germinated. 

Beal* secured some germination from the following seeds after they 
had been stored in soil for twenty years: Amaranihus retroflexus, Brassica 
nigra, CapseUa, Bursa pastoris, LepicUum virginicum, Anthemis cotula, 
Malva rotundafolia, Rumex crispus, Verbascum thapsus, Stellaria media, 
Polygonum hydropiper. 

These experiments give some idea as to the viability of the seed of 
some of the common and well-known weeds. Most of these have seeds 
with very thin seed-coats that are easily soaked with water. It is very 
probable that seed of the conifers with more or less resinous seed-coats 
would remain viable for a longer period. The characteristics of some of 
the coniferous seeds are well known, such as the western white pine, 
Douglas fir, eastern white pine, and the junipers. The seeds of these will 
often not germinate for two or three years even under the best of con- 
ditions in the nursery. Certainly they will remain viable as long or even 
longer when in the forest floor imder imfavorable germinating conditions, 
but at the same time under good storage conditions. 

Conzet* showed that the seed of the Norway pine {Pinus resinosa) 
remained in the forest floor for three years and then produced good germi- 
nation. 

The results of the study of the Yacolt bum are a practical demonstra- 
tion of the viability of coniferotis tree seeds. The study showed that 
reproduction occurs over the entire bum. The seedlings which germi- 
nated from one to three years after the fire vary in density, regardless 
of the location of seed trees, while the seedlings germinating later than this 

*H. Becker, tiber die Keinung venchieden artiger Fruchte und Samen bei denelber Species* 
Beih€fU Botanisches Centratblatt 29:21-143. 1912. 

• T. D. Hatfield. Vitality of seed. Garden and Forest p. 297. 1897. 
*DnynX, in tht Botanical Cautte 37:146-47. 1904. 

• Beal, Vitality of seeds. Botanical CoMette 37:222. 1904. 

• O. M. Conxet* A qualitative and quantitative study of the seed productbn and reproduction of 
Norway pine {Pinus resinosa)* Master's thesis* the University of Minnesota. 1913. 
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are almost all in dose proximity to seed trees. At a distance of one or 
two miles from seed trees, the reproduction was in many instances much 
more dense than it was near the trees, often reaching 20,000 to 30,000 
seedlings per acre. The distance from the seed trees and the erratic 
occurrence of the dense stands of seedlings, sometimes near seed trees 
and sometimes at great distances from them, showed that the seed had 
not been blown in by the wind since the fire. The areas of dense stands 
of reproduction ending in very irregtdar edges, beyond which no repro- 
duction occurred, were convincing evidence that the seed producing the 
stands was present before the fire. These irregular edges showed where 
the gxx)tmd fire which consumed all the duff had died out. Where the 
duff was left tmbumed the reproduction occurred. In all cases where 
reproduction occurred in bums, the burned trees of the species comprising 
the reproduction were found in the immediate vicinity. 

When the Yacolt fire occurred in the early part of September, 1902, 
all of the timber was killed and the seed of that year's crop was badly 
scorched or burned. This is shown by the fact that there were no imbumed 
cones or cone scales present on the burned-over areas, while charred cones 
and cone scales, as well as seeds of all of the species burned, were fotmd. 
Also in the places where the surface of the litter and duff was charred, 
but tmdisturbed since the fire, seeds were found buried in the dtiff, some 
of which still had perfect wings. These facts are further strengthened 
by the appearance of the clear-cut margins and abrupt endings of the 
areas of good reproduction where 30,000 or more seedlings per acre occur, 
showing that the seed was in the litter and dtiff, and lived through the fire. 
That a large per cent of this seed germinated during the first season is 
shown by the large percentage of eleven-year-old seedlings. The five to 
ten year age class showed the distribution of the seedlings that came 
from the seed which germinated some years after the fire. Those of the 
older age classes at great distances from the seed trees, tmdoubtedly came 
from the seed which had remained dormant in the litter or dtiff and escaped 
the fire, as usually no seedlings imder five years of age were fotmd in these 
localities. In the case of the western white pine, there were no seedlings 
under five years old fotind during the entire study, although older white 
pine seedlings were distributed over the entire area. This indicated that 
the white pine seeds remained viable for six years under the conditions 
to which they were exposed. White pine seeds were fotmd in some of 
the charred cones and also some in the litter and duff, but these tmdoubtedly 
were killed by the fire or were not viable. 

The fire advanced before a southeast wind and the effects of it are 
recorded in the sparse reproduction on the south and southeast slopes 
where the fire was hottest and where all of the litter and duff was btimed. 
On these slopes there were no areas of reproduction, only occasional 
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scattered seedlings, showing that very little seed was left after the fire, 
while on the slopes not struck by the direct flames of the fire, reproduction 
occurs in very dense stands regardless of the distance from seed trees. 

Reproduction was found at distances of one or two miles from the 
nearest seed trees. In the case of the white pine, there are no seed trees 
on the township that could have any influence whatever on the area over 
which the reproduction of this species extends. Without a doubt the seed 
was there before the fire passed over the area, and escaped destruction. 
This seed may have dropped from the trees the year previous to the fire 
or even earlier, as mtist be the case where heavy stands of reproduction 
appear during the first season following the fire, since a dense stand of 
reproduction is not due to a single crop of seed but rather to an accumu- 
lative crop of several years. If the seed produced the same year the fire 
passed over the area was not killed, this study shows that this seed must 
lie dormant in the forest floor for several years. The indications are that 
the white pine remained six years; Douglas fir, six years; noble fir, three 
years; amabilis fir, five years; hemlock, three years; and yew was found 
scattered over the typical slopes of this species, varying in years from 
eleven to three, showing that the seed remained dormant for eight years. 
The yew was a good index in accounting for the seed on the area, as there 
is no question about the wind distribution of the berry-like seed. The 
theory that animals carried the seed can not be accepted because the 
seedlings invariably appear among the burned snags of yew, whereas 
animal distribution would not be confined to these areas. 

These conditions are duplicated on all of the bums gone over on the 
Snoqualmie National Forest in northern Washington and the Oregon 
National Forest in northern Oregon. The bums on these forests were 
not studied, but general observations indicated that the conditions were 
the same as those found on the Coltmibia. The noticeable feature here 
was the absolute lack of reproduction after a second fire except very near 
to seed trees. This fact shows that good and wide-spread reproduction 
following a first bum comes from seed stored in the forest floor, and can 
not be attributed to seed furnished by a few surviving trees. Single 
seed trees surviving a second fire never restock an area except in their 
immediate vicinity. If a few escaped trees could restock a bum they 
would also restock a second bum on the same area. 

Summary and Conclusions 

All forest tree species in forest stands produce sufficient seed to 
reestablish their own type imder favorable conditions, and a change of 
type or removal of a forest from any area once covered with a forest is 
due to other factors than production of seed. 



SEED CHARACTERISTICS IN CONIFEROUS FORESTS 25 

Species producing large seeds produce comparatively few in number. 

Seed distribution is one of the important factors controlling the estab- 
lishment of a forest type. 

In the white pine region of Idaho, reproduction by wind-blown seed 
can not be depended upon for more than ISO feet from the seed trees. 

In the Douglas fir region of the Cascades along the Columbia River, 
reproduction by wind-blown seed of Douglas fir and its associates can not 
be depended upon for more than about 300 feet from the seed trees. 

Germination conditions are often tmfavorable in a shaded and cool 
forest floor, hence seed may lie dormant for long periods. 

By the removal of a forest, germinating conditions are improved, 
and the dormant seed germinates. 

Moisture is the chief factor in the establishment of the seedling, while 
temperature is often a more important factor in germination. 

The size of the seedling during its early life is directly proportional 
to the size of the seed. 

A seedling from a large seed becomes permanently established much 
earlier than a seedling grown from a small seed, hence the former is able 
to obtain and hold possession of the more imfavorable sites. 

Seed is always present in the forest floor, generally covered with and 
mixed in a layer of litter and duS. 

This seed is a source of reproduction following forest fires or logging 
operations. 

Some seed while dormant will withstand severe conditions, as shown 
by chemical tests. 

Coniferous seeds are known to be viable after two to eight years of 
storage in the forest floor. 






K-esearck Publications of the University of Minnesota 
V,J. Vni No. 4 July 1919 



Stndiei in tli* Biological Seieneei 
Nnmlter 3 



AN INVESTIGATION OF THE 
LOUSE PROBLEM 



WILLIAM MOORE. B.A. 



ARTHUR DOUGLASS HIRSCHFELDER. M.D. 

P»f«i>r i>fPh»w»l>(7i.tbiUunnit>a(MJi»twt» 



Price 50 Cents 



PuthiiiJiylJit Vnmrnty ef Minnnota 
Minnta^Jil, Minninta 



Copyright 1919 

BY THE 

University of Minnesota 



CONTENTS 

Page 

Introduction 1-2 

Methods of rearing lice and notes on their biology 2-8 

Pathological effects of the bite of the clothes louse 8-17 

Methods of control of the clothes louse 18-33 

Methods of louse destruction by pediculicides 34-76 

Appendix 79-82 

Bibliography 85-86 

FIGURES 

1. Sketch showing the closing apparatus in the trachea of the pubic 

louse 23 

2. Sketch of apparatus tised in the study of the volatility of different 

chemicals 70 



AN INVESTIGATION OF THE LOUSE PROBLEM* 

INTRODUCTION 

In April, 1917, a cxjmmittee, representing different departments of the 
University, was formed to stimulate research dealing with war problems. 
The subconMnittee from the Medical School, at the suggestion of Professor 
Leonard G. Rowntree, submitted the louse problem as one which required 
further investigation. Accordingly, during the rest of 1917 and the early 
part of 1918, the question was investigated by the writers under a grant 
from the Research Fund of the Graduate School granted by the Regents 
of the University of Minnesota, but in March, 1918, at the request of 
Dr. Richard M. Pearce, the work was continued under the direction of 
the Division of Medicine and Related Science of the National Research 
Council. The National Research Council supplied funds for the continua- 
tion of the work, but the entire research was conducted by the authors as 
members of the University staff, a room and facilities being freely placed 
at our disposal. We wish to express our appreciation of the courtesies and 
assistance of Dr. Pearce and others in Washington, and our indebtedness 
to Dean R. W. Thatcher, Director of the Experiment Station, and to the 
University authorities for the privileges and cooperation they have granted 
us during the investigation. 

In the conduct of these investigations, the entomological experiments 
including the laundering, fumigation, and the effects of different chemicals 
upon the insects have been conducted by Moore, and the chemical experi- 
ments, including the suggestion of certain of the chemicals and their 
synthesis where necessary, by Hirschfelder. The clinical studies were also 
conducted by Hirschfelder. After September 25, 1918, when Hirschfelder 
was called to the Chemical Warfare Service, Professor R. A. Gortner, 
Chief of the Division of Agricultural Biochemistry, assisted by the prepa- 
ration of a few brominated compounds, and has also favored us with valu- 
able advice throughout the investigation. Mr. S. A. Graham, of the Division 
of Entomology, assisted in the rearing of the lice during the earlier experi- 
ments, while Miss Anna Wentz took charge of this work in the later experi- 
ments. The willingness of both Mr. Graham and Miss Wentz to feed and 
care for the lice contributed largely to the success of the investigation. 
Another disagreeable task, that of collecting lice from the dirty garments 
of louse-infested individtials, was conscientiously carried out by Mr. John 
Burke, technical assistant in the Department of Medicine. Special credit 
is due to those persons who volunteered as subjects for the experiments 

* Certain portions of this paper have appeared in the following publications: Journal of Laboratory 
and Clinical Medicine 3: no. 5, Feb. 1919; Journal of American Medical Association 71: 530-31. Aug. 17, 
1918; Ibid. 71: 1481-82. Nov. 2. 1918; Journal of Parasitology 5:61-68. Dec. 1918; Archives of Internal Med- 
icine Zi.Al^-ZO. 
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dealing with the toxic effects of louse bites. To all who have thxis helped 
in the investigation of this problem, we wish to express our indebtedness, 
and our appreciation of their assistance. 

NATURE OP THE PROBLEM 

The clothes louse {Pediculus corporis) commonly known as "gray 
backs," "crumps," or "cooties," has presented a most important problem 
in the present war. Altho hundreds of papers dealing with investigations 
of this problem have been printed since 1914, and innumerable methods 
have baen tried out, lousiness is still prevalent in the armies. This con- 
dition is due not to any great resistance of the louse to ordinary measures 
of destruction, since there are many methods by which it may be destroyed, 
but rather to the inability to apply these treatments under the conditions 
of modem warfare. The problem, therefore, is not to find some chemical 
or other means of destroying lice, but rather to find some method which 
can be applied under the existing conditions. It is not sufficient to find 
simply a method of delousing, but what is required is the simplest, cheapest, 
and quickest method in order that with a very small amount of equipment 
a large number of men may be cleaned in a very short period of time. 
To protect men from reinfestation, a chemical is required which will not 
only kill lice, but will also retain its effectiveness for the longest period 
of time. 

METHODS OP REARING LICE AND NOTES ON 

THEIR BIOLOGY 

The primary object of this investigation was to study the possible 
methods of controlling lice, and hence only notes or general observations 
upon their biology are available. What few observations are here recorded 
are largely from data obtained by Miss Wentz while rearing large numbers 
of lice to be used for experimental purposes. Experiments designed to 
determine some point in the life history were often discontinued to supply 
lice for experiments concerning the toxicity of some chemical; hence full 
data upon some points were not obtained. Other workers have studied 
their biology more fully, and recently Nuttall^ has gathered this informa- 
tion together into one paper. In some of the biological studies the Uce 
were confined by one means or another to some portion of the body of the 
experimentor, thus producing conditions as nearly normal as possible. 
Such methods are necessary for accurate observations upon the life history, 
but since the present object was rather to study means of destruction, 
entailing the use of large numbers of lice, the incubator method of rearing 
them was found to give the best results. The following observations show 
how nearly incubator conditions correspond to more natural conditions 
of rearing lice. 

sThe Biology of Pediculus humanuf. ParasUology 10:80-185. 1917. 
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Rearing Licb under Incubator Conditions 

Methods oj feeding. — The lice, after being collected, were plax^d on 
small woolen squares (1 cm. x 1 cm.) in a glass vial or an ordinary drinking 
glass, and kept in a small electric incubator heated by means of two small 
carbon bulbs. The lice were free to roam over this wool, upon which they 
laid their eggs. 

The first problem presented was the discovery of a successful method of 
feeding the lice. Rabbits and guinea pigs were experimented with as hosts, 
by tying them to a dissecting board and shaving the hair off an area of 
about S to 6 cm. square. The lice were transferred upon the woolen squares 
to the bare skin of the animal, but in all cases they refused to feed. 
Noeller* claims that they will feed and breed successfully upon a pig; hence a 
small pig about two or three weeks old was obtained and tested in a similar 
manner to the rabbits and guinea pigs, but altho the lice attempted to punc- 
ture the skin, they did not succeed. Similar attempts to feed on the ear of the 
pig gave negative results. Nicolle, Blaizot, and Conseil* have experimented 
with the monkey as a host and find that altho the lice fed, they did not 
feed as well as on man. A monkey having been obtained and freed of 
its own parasites, an attempt was made to feed the clothes louse upon a 
shaved area in a manner similar to the experiments with the other animals. 
In this case the lice fed, but not as readily as upon human blood. Another 
difficulty encountered was that of securing the monkey tightly enough to 
prevent movements which would dislodge the lice. Owing to this difficulty 
and the fact that the lice did not appear to thrive on monkey blood, the 
monkey was finally abandoned as a source of food. In a few experiments 
an attempt was made to feed lice with citrated human blood enclosed in 
sausage skins, but this was unsuccessful. All these experiments having 
failed, feeding upon the htunan forearm was finally adopted. In the first 
experiments, the lice were carefully fed under a glass cover, but this was 
soon fotmd to be an unnecessary precaution. During the first feeding in 
captivity, the lice were prone to wander away from the woolen squares, 
crawling about over the arm, but after being fed once or twice in this 
manner and being kept in the incubator between feedings, they lost this 
migratory impulse and as soon as the woolen pieces were placed upon the 
arm, moved down, fed, and then again traveled up onto the doth. In this 
manner, pieces of doth with as many as 4,000 lice have been fed on the 
forearm at one time without danger of the person becoming infested. 

Among the persons who have fed the lice in these experiments, one 
person was particularly interesting, inasmuch as the lice refxised to feed 
on his arm, merely wandering about for as long a period as one hour, after 

>Beitrag xur Plecktyphus Uebertr&gung dtarch LAum. Berlin klin, Wocktnsckr, 53:778-80. 1916. 
Abstract. Revtew of Appl. Entom, (Mriet B) 5:33. 

* Etiologie Vie la fiftvre r^currente; son mode dc transmission par le pou. Ann, Inst. PasUwr 27:204-25. 
1913. 
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which they were transferred to another person and fed readily. I/ater 
attempts to feed the lice upon this first person were in general unsuccessf td, 
altho occasionally a few lice were found to feed. No possible explanation 
of this aversion of the lice to feed upon this person was discovered, but 
there can be no doubt that for some reason he was objectionable to them. 
In other experiments it was found that the lice fed readily upon his brother. 

During the earlier experiments the lice were fed but once a day and 
were kept in the incubator at 26**-28® C. between feedings. These con- 
ditions did not appear to be favorable and several supplies of lice died off, 
the males in all cases dying first, leaving females only which laid infertile 
eggs. Since this occurred three times and therefore can hardly be con- 
sidered accidental, it wotdd appear that the males were not able to with- 
stand unfavorable conditions as successfully as the females. Two feedings 
a day were then adopted and the temperature of the incubator increased 
to 28^-32® C. and the relative humidity raised to 70-80 per cent, after 
which no further trouble was encountered. Under these favorable con- 
ditions, lice were reared in the incubator generation after generation, as 
many as five generations having been obs^*ved. Starting with as few as 
20 lice they have increased under incubator conditions to 4,000 and would 
no doubt have reached a higher niunber if permitted. 

Incubator conditions. — It has been previously mentioned that a tempera- 
ture of 26'*-28'' C. did not prove favorable to the lice, while 28'*-32'' C. 
proved successftd. Martini^ has shown that when lice are placed upon a 
surface so heated that the temperature of different portions registers from 
1S**-3S** C, the largest number of lice will congregate on the areas showing 
temperatures ranging from 28^-31® C. 

A temperature above 32^ C. has proved, in general, somewhat unfavor- 
able to the active stages, but not to the eggs. Eggs easily withstand a 
temperature of 35^ C, hatching in a shorter period of time at this higher 
temperature. A low relative humidity was found unfavorable to both the 
active stages and the eggs, the effect being more noticeable when the 
temperature was above 30** C. than at a lower temperature. Sixty to 
eighty per cent relative humidity was most favorable to development, 
while a higher relative htunidity, 90 per cent or above, was injurious, in 
fact more injurious than a low relative humidity. In one test, a relative 
humidity of 68 per cent was recorded in the space between the skin and 
the undershirt. With too high a relative humidity, the faeces of the lice 
remained wet and were smeared over the walls and bottom of the con- 
tainer, while the lice which died under these conditions usually turned 
black. The right degree of humidity was maintained by placing a wet 
towel or a dish of wet sphagnimi in the incubator. This additional moisture 

* Zur Kenntms des Verhaltens der L&tise gegenaber Wftrme. Zeitschr. fUr angewandU EntomotogU 
4:34>70. 1917. 
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was very necessary during the winter months, when the humidity of the 
laboratory was quite low, while during the summer only a small qtiantity 
of water was necessary. The need for these moist surfaces in the incubator 
may have been due to the type of incubator used, there being a constant 
circulation of air through a small opening near the bottom and a similar 
opening in the top. This tended to reduce the humidity. 

An effort was made to determine the correct percentage of moisture 
favorable«for development by placing the vials with the lice in closed 
containers with different dilutions of sulphuric acid, but since it was 
necessary to open the container twice daily at feeding time, it is doubtful 
if the humidity within the container could adjust itself quickly enough to 
give definite results; at least no definite data were obtained. 

Life history under incubator conditions. — Observations upon the life 
history of the louse were made from time to time during the regular experi- 
ments, and the tables given are compiled from these data. The eggs 
required from 6 to 20 days to hatch; 6 to 9 days, or rather 8 to 9 days, 
representing the incubation period under favorable conditions of tempera- 
ture and humidity, while under a lower temperature and less favorable 
conditions the time required was 13 to 20 days. (Table I.) The results 
under good incubator conditions compare favorably with the 6 to 8 dajrs 
required for the hatching of the eggs kept near the human body in 
Nuttall's experiments.' 

When fed twice daily, 25 young just hatched from the eggs were suc- 
cessfully reared to adtilts in 10 to 16 days, compared with the 14 to 23 
days required under less favorable conditions. (Table II.) This period is 
somewhat longer than the 7 days obtained by Nuttall* with lice worn 
continuously. The difference represents the unfavorable influence upon 
the development of the louse of feedings 8 to 14 hours apart. This delay 
in development is not serious, since in the experiment all of the 25 lice 
were raised to maturity, with no more than customary attention. About 
one day was required between the last moult and the laying of the first eggs. 

TABLE II 
LENGTH OP INSTARS 

1st MOin.T 2lfD MOULT 3ftD MOULT TOTAL FROM TSMPBRATtntB 

No. OF UCS AFTXK AFTSK AFTEX BGG TO ADULT (CBNTIGRAOX) PSBOUtG 

25 2-4 days 4-6 dayi 4-6 days 10-16 days 29^-32'' 2 in 24 hn. 
46 4-8 days ... 26<*-29<* 2 in 24 hn. 

26 5-8dayi ... 14-23 days 26<*-29'' 2in24hn. 

18 5-7 days 27<'-29'' 2in24hrt. 

No data are available concerning the percentage of the different sexes» 
but general observations give the impression that females were more 

* The Biology of Pediculuf humanut. 
•Ibid, 
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numerous than males. Data concerning the longevity of the adults are also 
incomplete. One female required 16 days from hatching until the first 
egg was laid, after which she lived 26 days, laying in all 80 eggs. In other 
experiments 40 and 41 days were noted as the total life of the lice from 
hatching to death; while not more than 4 eggs were laid in any one day 
by a single female. Here again are shown the results of irregular feeding 
periods, since Nuttall^ obtained as high as 12 eggs in one day with an 
average of 9 . 7 eggs per day, the total tgg production of one female, when 
kept continuously upon the human body, reaching 272 eggs. Under such 
conditions the lice feed many times a day and do not gorge themselves 
with blood as they do when fed twice daily; hence there is more room in 
their body for the development of the eggs. 

Lice may lay eggs even when not kept in an incubator but the egg 
production diminishes greatly with the lower temperatures. Three sets, 
one in the incubator, one in the laboratory, and one in the basement, were 
kept for six days, the data being given in Table III. Eggs laid under such 
conditions may be fertile and will hatch in the incubator, but eggs laid 
in the incubator and kept in the basement at 17^-23® C. never hatched, 
altho they were observed for three or four months. 

In general the eggs obtained under the artificial incubator conditions 
were fertile, but sometimes the percentage hatching ran very low, possibly 
in part due to infertile eggs and in part to unfavorable hatching conditions. 
(Table I.) 

Changes in appearance following death. — One of the chief causes of death 
appears to be overfeeding following fasting. Lice may survive long periods 
without food if kept at a low temperature, while at higher temperatures 
this period is much reduced. ^ Lice were collected from infested individuals 
and kept in a laboratory heated to 2QP C. for various periods of time with- 
out feeling. One set left for 40 hours showed 1 had moulted, 4 eggs had 
been laid and 1 immature louse and 1 male were dead, while 5 females, 
5 males and 10 immature lice fed readily. A second lot fasted for 58 hours, 
during which time 6 eggs were laid, 1 immattire louse had died, while 8 
inmiature lice, 8 males, and 7 females survived and fed. A third set left 
for 88 hours resulted in the death of 3 females, 4 n:iales, and 8 immature 
lice, while only 3 females and 1 immature louse survived and fed. Six eggs 
were laid during the 88 hours. 

TABLE III 
INFLUENCE OP TEMPERATURE ON EGG PRODUCTION 

AVBRAGB 

Location Na fbmalbs Tbicpbraturb No. days No. bggs laid psk fsmals 

(CBNTICKADB) rEB DAY 

In incubator 18 IT'^ZV 6 306 2.8 

In laboratory IS XS^-lT" 6 48 .53 

In basement IS 17<'-23® 6 5 .OSS 

» Ibid, 
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Frequently after such a fast or even after one of 24 hours under incu- 
bator conditions, the lice during or shortly after feeding will turn bright 
red, the color even extending into the legs. Such lice alwa3rs die within a 
few hours. When a louse feeds after fasting, it takes so much blood that 
the remains of its last meal are forced out of the intestine, together with 
considerable quantities of undigested blood. If Uce are thus able to remove 
the remains of their last meal, they retain their normal color and do not 
die as a result of excessive feeding. In some lice, particularly when kept 
under dry conditions, the contents of the hind gut seem to harden, and are 
not readily forced out during feeding. It is such lice which during the 
feeding or shortly afterward turn red and later die. The cause of death 
appears to be the rupture of the intestine due to the large quantity of blood 
taken in, while the hind gut is plugged with the hardened remains of the 
previous meal. 

Lice destroyed by many different methods turn red after death, but 
this redness appears different from that following overfeeding. Lice de- 
stroyed by most chemical means thus turn a red or reddish brown color, 
apparently because of the escape of the blood through the walls of the in« 
testine. Possibly the walls of the intestine are weakened by an autolytic 
action of enzymes which have not been destroyed. Lice killed by boiling 
water, which destro3rs the enzymes, do not turn red after death, but on the 
other hand heat coagulates the proteins and the blood and may in this 
manner prevent the louse from turning red. Many lice, killed by a temper- 
attire of 45^ C, which shotild coagulate the proteins, turn red or reddish 
brown. Lice dying with little or no food in their intestine do not turn 
red nor do lice turn red when killed by a slowly acting poison requiring 
24 to 48 hours to kill. This may be due to the fact that in the presence of 
such a poison lice usually fail to feed. 

In the presence of rapidly acting poisons all movements of the lice 
cease, producing what Nuttall' calls sham death; since if the lice are then 
removed from the presence of the poison they usually revive within 10 to 
12 hours. This suspended animation, as will be shown later, appears to 
be due to the closing of the tracheae to keep out the poison, restdting in 
the lice becoming stupified from lack of oxygen. If exposed for a longer 
period to the action of the poison, they die and assimie a reddish coloration. 

PATHOLOGICAL EFFECTS OF THE BITE OF THE 

CLOTHES LOUSE 

Observations of other workers, — Typhus fever, Etiropean relapsing fever, 
and more recently, trench fever have been shown to be carried by the 
clothes louse, while minor infective diseases, such as favus, pitj^iasis, and 

* The Bioloffy of Pediculus humanus. 
Combating Lousiness among Soldiers and Civilians. Pttrasitoloey iO'AlUSM. 1918. 
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impetigo contagiosa are also known to be conveyed in a similar manner, • 
Prurigo, prurigo senilis, urticaria, and porrigo, all pathological conditions 
caused by lice, are grouped together by the Editor of the British Medical 
Journal^^ under the general term Pedicularia. Melanodermia may also 
appear in the vicinity of the bites. All of these conditions may be con- 
sidered as secondary effects due to some organism transmitted from host 
to host by lice, or to the direct toxic effect at the site of the bite followed 
in some cases by scratching, causing a skin rash such as urticaria. Pajme," 
however, noted a rise in temperature apparently due to a general toxic 
effect of Phthirus pubis. It has been demonstrated experimentally that 
this insect causes maculae caeruleae, and Duguet" has shown that these 
spots may also be produced by the inoculation of that portion of the body 
of the louse in which the salivary glands are located. Jamieson^ records 
two clinical observations of young persons infested with clothes lice having 
a temperature of 103** P. in one case, and 106.2 to 106.4** F. in the other 
case, in each of which the temperature returned to normal after the patient 
was bathed and freed of lice. Reviewing the literature dealing with the 
toxic effects of louse bites, Nuttall" sums up as follows : "Apart from the 
maculae, Phthirus, like P. humanus, fleas, and mosquitoes, may cause a 
febrile condition owing to skin irritation, altho this appears to be rare; 
with the removal of the lice, the fever promptly subsides." 

General observations. — In view of the above statements, the following 
observations were both surprising and interesting. Following the failure, 
in the spring of 1917, to use animals as hosts, a person designated as A 
undertook to feed them on the forearm. Altho fed but once a day, a severe 
case of urticaria developed; hence other persons were given an opportunity 
of assisting in this work. Among those offering assistance at this time, 
were C and D, both subjects used in the later experiments. C fed the lice 
2 or 3 times a week during this period, but D was used only 2 or 3 times 
in the entire period of 3 to 4 months. The work continued in this manner 
imtil August, 1917, during which time no one person fed the lice more 
than 3 times a week, and at no time were there more than 400 lice. A person 
designated as B then took up the work and continued it tmtil December, 
1917, during which time all the lice, not exceeding several htmdred at any 
one time, were fed by the same person. No noticeable symptoms of 

• The Pan Played by Pedicnlut htunanot in the Causation of Disease. Parasitology 10:43-79. 1917. 

>• Editorial, Pedicularia. BrU. litd. Jown. 2:1427. 1869. 

u Maculae caeruleae and Other Symptoms Produced by Pediculi pubis. Brit. Joum. Dirmatol, 2:209- 
12. 1890. 

tt Sur les taches bleues; leur production artifidelle leur valenr s^m^ologique. C R, Soc, de Biol, 32: 
69-78. 1880. 

EzpMence et recherches nouvelles sur les taches bleues. Ibid, 34:617-22. 1882. 

1* On Some Rarer Effects of Pediculi. Brit. Journ. Dermatol. 1:321-27. 1888. 

^ The Part Played by Pediculus humanus in the Causation of Disease. 
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illness developed at this time. Work was temporarily discontinued from De- 
cember, 1917 until March 12, 1918, when it was again started; B feeding the 
lice on the forearm twice daily. The nimiber of the lice being small, not 
more than 50, the local irritation was reduced to a minimum, by changing 
the feeding area from one arm to another, and by washing the arm immedi- 
ately after feeding with 95 per cent alcohol followed by an application of 
a mixture of J^ glycerine and J^ ammonia. During April, the ntmiber of 
Uce increased, and the first signs of a possible intoxication due to their 
bites were noted. B described the S3rmptoms as follows: very nervous, 
extremely tired with great drowsiness in the early afternoon, sleeplessness 
during part of the night, at least to some extent due to burning and itching 
of the arms. A steady, dull ache at the base of the skuU, sometimes extend- 
ing to the eyes, was experienced, accompanied by chills and aching as if 
coming down with an attack of "grippe." Apparently a fever developed, 
but since no temperature records were taken, this can not be substantiated. 
This feeling of fever lasted 3 days, during which time a rash similar to 
measles appeared over the shoulders, chest, and neck, lasting about one day. 
The illness occurred between April 15 and 30, but since it was not associated 
with the louse bites, the data are very meager. About April 20, due to 
B's illness, C undertook to feed the lice. Whereas B had started with a 
small niunber of lice which gradually increased, C started with from 700 to 
800, and almost immediately a general tired feeling or aching similar to 
that experienced by B was noted. In the calf of the legs, along the shin 
bones, and the soles of the feet, particularly underneath the toes, this 
pain became sufficiently intense to interfere with sleep until late in the 
night. An irritable and pessimistic state of mind developed. May 7, an 
illness restdted, the symptoms being very similar to "grippe" but accom- 
panied by a rash, over the shoulders and abdomen, similar to German 
measles. German measles being prevalent in the community at that 
time, the illness was considered to be this disease and after remaining in 
bed for several days, C returned to work and again took up the feeding of 
the lice. 

The general symptoms previously noted again developed with increas- 
ing intensity, the number of lice having increased to about 1,200 by May 15. 
May 28, C was again ill and the family physician having been called 
diagnosed the illness as "grippe." The following day, a rash, quite tjrpical 
of German measles, developed but other symptoms of measles were absent. 
The heart was normal, pulse about 90, temperature varying from 100** to 
102** F. A blood cotmt showed a normal number of leucocytes and red 
blood cells. A severe headache was experienced, accompanied by a general 
aching, often intense, in the joints. Dr. A. D. Hirschfelder saw the patient 
and considered that the illness was not German measles nor was it "grippe," 
but thought it might be trench fever. Glandular enlargement was absent 
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and no enlargement of the spleen was noted. Recovery was complete 
except for a general weak condition by Jtme 4. 

June 6, the lice, numbering about 800 adults, were again fed by C, but 
no symptoms of illness were manifest until about June 17 when the ntunber 
of lice had increased to about 1,800, due to the hatching of young lice. 
Symptoms similar to the two previous illnesses then developed, but work 
was discontinued June 28 before they were serious enough to necessitate 
remaining in bed. The 29th and 30th were spent in the open and the symp- 
toms gradually disappeared. 

Clinical studies. — The observations given above indicate that a macular 
erythematous, skin eruption, somewhat resembling that of measles or 
German measles, distributed over the chest, back and abdomen, may 
occur in a normal individual who allows lice to feed upon the skin of the 
forearm only. This eruption was accompanied by general lassitude, head- 
ache, and peculiar pains in the calf of the legs and the soles of the feet, 
particularly under the toes. Unfortimately the association of these symp- 
toms with louse bites was not at first considered; hence definite data of the 
illnesses are not available. A series of clinical studies was therefore planned 
at the suggestion of Major R. M. Pearce to determine whether the pre- 
viously recorded observations represented a peculiarity of the individual 
upon whom the lice had fed, or whether it might be regarded as a general 
phenomenon. There naturally arose the question as to whether the con- 
dition represented sporadic typhus fever, trench fever, or some other infec- 
tion, or a reaction to toxic products derived from the louse. Such a reaction 
might represent either a primary intoxication or a state of anaphylaxis, 
but in view of the fact that one of the individtials tested had never been 
bitten by lice before, the rdle of anaphylaxis seems unlikely. It is a strik- 
ing fact, however, that in this individtial none of the skin eruptions ap- 
peared. It is possible that the skin manifestations may represent an 
anaphylactic response, even if the general toxemia does not. 

Four perfectly healthy young men, members of the Faculty of the 
Department of Agriculture of the University of Minnesota, voltmteered for 
the experiments. They were examined by Dr. A. D. Hirschfelder and 
fotmd to be normal, except, in some cases, for the enlargement of a l3rmph 
gland here and there. The total blood counts, haemoglobin, lymphoc5rtes, 
and differential counts were taken and the two latter repeated daily or at 
frequent intervals. The Wasserman reaction was taken by Dr. W. P. 
Larson and found to be negative in each case. 

The lice xised in the experiments were raised from eggs and had been 
fed only upon the persons who were the subjects of these experiments 
and who were otherwise healthy, and upon one other perfectly healthy 
individtial. According to the work of Strong and his collaborators" and 

>* Report of Prograts of Trench Fever Investigation. Jonrn. Amer. litd, Assn, 70:1597-99. 
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Byam and his collaborators" these lice cotdd not therefore be carriers of 
trench fever. No opportunity existed for inoculation with the faeces of 
the louse, since immediately after feeding, the arm was either carefully 
washed with soap and water and then bathed with alcohol, or was bathed 
with alcohol and then treated with ammonia and glycerin. 

Experiment i. — C, who had fed lice from time to time for the past year 
and a half and who had developed the symptoms noted above, started on 
August 27 the feeding of 1,050 lice twice a day. Health normal at this 
time. The rectal temperature remained normal tmtil September 2, during 
which period the lice were slowly increasing in nimibers. They failed to 
produce any reaction at the site of the bites other than a faint macular 
erythema, altho all the feedings were on the palmar surface of the left 
forearm. September 3 a faint rash, composed of semilunar and crescentic 
macules, 2 to 3 millimeters in size, resembling those of a fading measles 
or German measles occurred. More or less biparietal and vertical headache 
was present accompanied by a sort of dazed or confused sensation and a 
general lassitude. Blood cultures, aerobic and anaerobic, were negative. 
No enlargement of the glands or of the spleen could be detected. Follow- 
ing September 3, altho feedings were continued with an increasing number 
of lice until September 8, when they numbered 2,060, the fever diminished, 
but would always rise sharply following exercise even resulting from 
walking a few blocks. Discontinuing the feeding on September 8, the 
temperature returned permanently to normal. (Curve 1.) 

Experiment 2. — ^A was the subject of the second experiment. Altho 
he had fed lice during the early experiments of 1917, he had not fed them 
since August, 1917. At that time no symptoms of illness were manifest 
but considerable local irritation had been experienced. September 9, the 
experiment was started with 2,000 lice. Considerable irritation resulted 
at the feeding site, an irregular red macular and maculo-papular eruption 
being present, a sharp rise in temperature following within an hour of the 
first feeding. On the fourth day, enlargement of the lymph glands of the 
axilla was noted and by the seventh day the inguinal and submaxillary 
glands also enlarged and became quite tender. A well-defined rash similar 
to that noted in the previous experiment was present over the chest, back, 
and particularly over the abdomen, lasting for three days. Blood cultures 
were negative. Feedings were discontinued on the 14th when the lice 
numbered 3,865. Altho the temperature diminished after feeding was 
discontinued, it was not until the 2Sth that it could be said to be normal. 
No general lassitude was experienced in this case, but the patient was weak 
and his mind confused during the period from September 12 to 18. Blood 

u Trench Peyer: A Report of Clinical Obseryatlons and Research as to the Etiology, Pathology. 
Prophylaxis and Treatment of Trench Perer among Troops. Journ, Amtr, lied, Assn. 71:21-26; 110-13; 
188-92. 
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counts taken throughout the experiment failed to show any abnormal 
change. On September 27, after the temperature had been normal for 
three days, A started a canoe trip, during which fever was experienced, 
but having no thermometer, the exact temperature is not known. Im- 
mediately upon his rettim, 7:30 p.m., September 30, the temperature was 
taken and found to be 102 . 7® F. The lymphatic glands previously affected 
again became enlarged. For five days after his return his temperature 
remained at 100® to 101.7® F., during which time the swelling of the 
glands gradually subsided. His family physician, who had been called, 
found no symptoms other than a fever and the glandular enlargement. 
(Curve 2.) 

Experiment j. — ^E, a person who had never previously fed lice, was the 
subject of the next experiment. Two hundred and fifty lice were used in 
this experiment. After two feedings a rise in temperature was experienced. 
Feedings were discontinued on the fourth day, when the lice ntunbered 420. 
His temperature, however, remained slightly above normal and glandular 
enlargement was noted on the seventh and eleventh days. Even slight 
exercise gave a decided increase in temperature similar to that noted in 
the previous experiments. No rash or other symptoms developed, and on 
the 19th, due to the development of a cold, the experiment was dosed, 
although the temperature had not returned to what might be considered 
normal. (Ctuve 3.) In the case of £, faint, pink macules appeared at 
the site of the bite directly after feeding, but soon faded and after a few 
hours no evidence was apparent that the arm had ever been used to feed lice. 
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Curve 3 
Rectal temperature of £. Markings same as in Curves 1 and 2 



Experiment 4, — D, who had fed the lice a few times during the summer 
of 1917, was tised in this experiment, the lice numbering 100 at the start 
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and 96 at the close of the experiment three days later. Immediately after 
the first feeding his temperature rose and within seven hours a rash, similar 
to that encountered in the previous experiments, was discernible. The 
following day glandular enlargement was noted, and by the following day 
the glands had become tender. Altho the feeding was continued for only 
three days, the rash lasted six days, the glandular enlargement five days, 
and seven days were required for the temperature to return to normal. 
(Curve 4.) Blood counts as in the previous experiments did not show 
abnormal numbers of either leucocytes or red blood cells. 




Curve 4 
Rectal temperature of D. Markings same as in Curves 1 and 3 



Experiment 5. — P was injected subcutaneously under the arm with 
3 c.c. of blood taken from A at the height of his illness. Within 48 hours, 
a definite rise in temperature to 99.5^ accompanied by headache and a 
mild sore throat was experienced. Diffuse, small rales were present in his 
chest; but this reaction was probably due to an epidemic of "colds" preva- 
lent at the time, rather than distinctly due to anything traceable directly 
or indirectly to the louse. The following day, his temperature was normal 
and remained so for the two weeks he was under observation. This phase 
of the subject needs further investigation, but due to the opening of college 
and to the epidemic of influenza, it was impossible to obtain more subjects 
for experimentation. 

Except C, who may be considered to have developed a certain degree 
of immunity, every individual bitten showed a prompt rise in temperature 
shortly after the first feeding. The same individuals showed a well-defined 
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enlargement of certain of the lymph glands, while in three out of four 
of the subjects, a well-defined rash resembling fading measles or German 
measles occurred. The rash was not very striking and yet was definite 
enough to be seen without difficulty when it was at its height. The macules 
disappeared on pressure. They were distributed over the chest, back, and 
upper abdomen, and in no case appeared upon the face, neck, arms, or 
lower limbs. The rash was always most distinct and persisted longest 
in the region between the nipples and the lower costal margins. 

In none of the individuals was the spleen palpable nor was its outline, 
determined by both light and auscultatory percussion, sufficiently enlarged 
to be definite. Aerobic and anaerobic blood cultures taken when the fever 
was at its height were negative. 

The fact that the condition was produced by lice which had never 
bitten diseased individuals, and that no opporttmity existed for inoculation 
with the faeces of the louse, as well as the negative character of the blood 
culture, point against either typhus or "trench fever." The absence of 
positive blood culttires, leucocjrtosis, and increases in pol3rmorphonuclear 
leucocytes, as well as the absence of any foci of pyogenic infection at the 
site where the lice fed, rule out simple pyogenic infection. 

The fact that two of the subjects, who had definite papular eruptions 
at the site of feeding, had also fed lice for a certain period of time a year 
before, while one person (£), who had never fed lice before, had no skin 
eruptions whatever, raises once more the question of anaphylaxis as a 
possible contributory factor in the symptom complex. That anaphylaxis 
was not the only factor, however, is proved by the fact that subject E, too, 
had fever and glandular enlargement as did the others. 

While it can not be regarded as proved conclusively, the results of the 
above experiments point strongly toward the presence of a substance in 
the louse sufficiently toxic to give rise to a generalized skin eruption and 
mild fever. This may or may not be protein in nature. It is however 
quite clear that for the general health of the individual the bites of lice, 
even when "home grown," are not an indifferent matter, but greatly 
impair his health and bodily vigor. It becomes obvious from these experi- 
ments that men who are subject to louse bites have a lower mental and 
bodily vigor, and that other things being equal, a louse-free army would 
be considerably better fighting men than would the same army infested 
with lice." 

1' Recently Dr. Welter C. AlTeres, ot Sen Pimnciioo, hat communiceted to us a case in which a man 
about S5 yean of age, very heavily infested with Pbthimi and Pediculut, was freed of hii parasites in a 
county hospitaL The patient at the time ran a low-grade fever, and after being cleaned, in spite of all 
efforts to bufld him up, died. An autopsy showed nothing to explain his decline and death, hence it may 
have been due to the toxic effect of the lice. 
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METHODS OP CONTROL OF THE CLOTHES LOUSE 

Garment Disinfestation 

Methods of controlling the clothes louse may be roughly divided into 
two main divisions; first, the destruction of the lice and their eggs in the 
clothing, and second, the destruction of the lice on the person and the 
protection of the individual from reinfestation. If the first method is 
thoroly and regularly carried out, and an effort is made to keep infested 
individuals segregated, the second method becomes tmnecessary. Under 
the conditions existing in the present war, the regular and thoro disin- 
festation, or lousing, has not been possible. Not only did the men often 
go for long periods of time without an opporttmity of bathing and having 
their clothing disinfested, but even when such an opportunity was offered, 
the time given to the work was generally too short to carry out a thoro 
disinfestation of all clothing. Such being the case, soldiers' garments 
coming to the laundry units near the front were often, if not always, infested 
with both lice and their eggs, and it became desirable to know the value 
of the ordinary steam laundry processes in garment disinfestation. The 
object of the laundry investigation was to detemiiine to what extent these 
processes were destructive to both lice and eggs and, should they prove to 
be inefficient, what slight alterations could be made in the regular routine 
to make them effective. 

LAUNDRY PROCESSES 

Through the courtesy of Mr. J. Clair Stone, Manager of the Elk 
Laundry, Saint Paul, one of us (Moore) was able to study the processes 
encountered in the washing of regulation army clothing. The clothing may 
be divided into 3 types; rough cotton goods (including cotton underwear), 
cotton khaki wear, and woolen goods (including garments part wool and 
part cotton). Altho the procedure differs somewhat in different steam 
laundries, it may in general be outlined as follows: 

COTTON GOODS 

Baths Tbupekatukb Tims 

(Murtms) 

lit water lOO* P.(38' C.) S 

2iid neutral aoap 1«0* P.(82' C.) 15 

3d " - 1«0* P.(82' C.) IS 

4th loda bath 130* P.(54« C.) 10 

Sth water 130* P.(54' 0.) S 

Cotton goods are dried in the hot air tumbler at a temperature of 15(f F. 
(65.5^ C.) to 190** P. (87.7^ C.) until quite dry. Time about 20 minutes, 
depending upon the load. 

COTTON KHAKI 

Baths Tkmpbeaturb Tims 

(mifuns) 

lit water lOO* P.(38* C.) 5 

2nd neutral aoap 120*-130* P.(49»-54* C.) 15-20 

3d water 130* P.(S4* C.) S 
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Dried in the hot air tumbler at 150^ F. (66^ C.) to 180"* P. (82^* C.) unta 
just sufficient moisture is left in the garment that it may be pressed. Time 
about 10 to 15 minutes, depending upon the size of the load. Pressed in 
the universal press. 

WOOLEN GOODS 
Baths Tbmpbkatvkb This 

(lOMUTBS) 

lit netitnd aoap 110»-11S« P.(43*-46* C.) 15 

2iid water IIO'-IIS' P.(43«-46* C.) 3 

Woolens are dried at room temperature and never in the hot air tumbler. 
The first important point to determine was what effect the temperature 
encountered would have upon the lice and nits. Data were available 
from the work of other investigations, giving an indication of what results 
might be expected. The following table was taken from a compilation of 
Nuttall: 

IMMBRSION OP BOGS IN HOT WATBR 

TniPBEATURB Tnfs RssuLT Obsbkvbr 

192* P.fM'C.) ISaec .. Kflled NuttaU 

1«9» P.(76^C.) aOaec - 

158* P.(70»C.) lOaec " ** 

150.S»P.(67*C.) Imin *« 

140* P.(60»C) Smin ** " 

140* P.(60»C.) Smin « Widnuum 

131* P.(55*C.) lOmin " 

131* P.(5S»C.) 30mm " Bacot 

129* P.<54«C.) lOmin ** NuttaU 

121.5»P.(5a»C.) ISmin ** Widmaan 

112.S» P.(45» C.) 15 min Not kUled 

104^ P.(40*C.) Iday ** ** « 

BXP08URB OP BGGS TO DRY HBAT 

Tbmfbeatvkb TnfB Rssult Obsbevbe 

124» P.(51.S'C.) 15min NotkiUed '\ 

127* P.(53^ C.) 15 min Not kiUed 

130.5* P.<55* C.) 30 min KiUed I Experiments of Capt. 

132.5»P.(56^ C.) 20min KiUed f Orr. Canadian A. M. 

134^ P.(57* C.) 30 min KiUed C. and Bacot 

152* P.(57*» C.) 15 min Killed J 

Effect of laundry processes. — In my experiments it was fotmd that the 
quantity of soap used varied somewhat, due to the hardness of the water. 
Sufficient soap was added to the water to give a good suds. It was found 
that with the water used in the experiments recorded below, 1 gram 
of ivory soap (neutral) and ^ gram of soda added to 265 c.c. of water 
furnished the desired suds. Inasmuch as the eggs are more difficult to 
destroy than the active stages, particular attention was paid to them. 
All the eggs were from lice collected from infested clothing, and kept in 
an incubator heated to 28^-32^ C. The eggs were laid upon small squares 
of doth during the Week of July 27 to August 2 in Experiments 1-6 and 
from July 27 to August 7 in Experiments 7-12. Each piece of cloth there- 
fore represented eggs in different degrees of development. 

Exp. 1. Control set. 42 eggs. 78 H per cent hatched. 

Exp. 2. Woolen goods treatment. Soaked in suds heated to 110^-114^ P. (43^-45'' C.) 
for 15 minutes. Rinsed in water of same temperature for 3 minutes, dried on a 
piece of filter paper and returned to the incubator. 65 eggs, 92 per cent hatched. 
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« 

Exp. 3. Khald wear treatment. Soaked in suds heated to 121^-126^ P. (49^-52'* C). 

Avr. Temperature 123* P. (51* C.) for IS minutes. Rinsed in water 123* F. 

(51^ C.) for 4 minutes. Dried and returned to incubator. 38 eggs, 39 per cent 

hatched. 
Exp. 4. Khald wear treatment. Same as Exp. 3 except treatment was for 30 minutes. 

45 eggs, per cent hatched. 
Exp. 5. Cotton goods treatment. Soaked in suds at 170*-186* P. (77*-86* C). 

Avr. temperature 179"* P. (82^ C.) for 30 minutes. Rinsed in water 130'' F. 

(54^ C.) for 5 minutes. Dried and returned to incubator. 52 eggs, per cent 

hatched. 

The following experiments were conducted to determine the effect of 
treatment in the hot air tumbler and pressing in the universal press upon 
the eggs of the louse. 

Exp. 6. Eggs placed in pocket of a bathrobe in the hot air tumbler canying a heavy 

load. Tumbler had been running for 5 minutes before eggs were placed in it. 

Eggs in the tumbler for 10 minutes and garments were qtiite moist when eggs 

were removed. Eggs replaced in incubator after treatment. 88 eggs. per cent 

hatched. 
Exp. 7. Control 48 eggs. 100 p^r cent hatched. 
Exp. 8. Cloth upon which the eggs were laid wet and then placed in the pocket of a 

pair of khald trousers which was tumbled with other garments for 15 minutes. 

Load light and removed while still damp. Regular practice of dr3ring khaki 

wear. 146 eggs. per cent hatched. 
Exp. 9. Eggs placed in pocket of partly dried bathrobe. Light load of clothing, 

tumbled for 10 minutes. 53 eggs. per cent hatched. 
Exp. 10. Same as Exp. 9 but tumbled for 15 minutes; 73 eggs. per cent hatched. 
Exp. 11. Same as Exp. 10, but tumbled for 20 minutes; clothing qtiite dry when 

removed. Regular cotton goods treatment. 57 eggs. per cent hatched. 
Exp. 12. Cloth with eggs placed under pocket of a pair of khald trousers being pressed 

in the universal press. After treatment removed to incubator. 61 eggs. per 

cent hatched. 

The recorded experiments on the effect of soap suds at different tempera- 
tures on the eggs of the lice would lead one to suppose that active stages 
would also be destroyed in those experiments where the suds had proved 
destructive to the eggs. To verify this, the following experiments were 
conducted: 

Exp. 13. Twelve recently fed lice in different stages of development were dipped in 

suds at 110*-114*P. (43*-45*C.) for 15 minutes, rinsed in water at 112* P. 

(44^ C.) and dried on filter paper. All revived within a few hours. 
Exp. 14. Same as Exp. 13, but suds at 122-126* P. (50-52'* C). Avr. temperature 

124* P. (51.1* C.) for 15 minutes. All lice killed by treatment, turning reddish 

brown within 5 hours. 
Exp. 15. Same as Exp. 14 but exposure lasting 30 minutes. All lice killed. 

The experiments show that the washing of rough cotton goods at 180® P. 
(82® C.) for 15 or 30 minutes will destroy the lice and their eggs. If by any 
chance an egg should escape destruction in the washing process it would 
later be destroyed during drying in the hot air tiunbler. Washing cotton 
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khaki clothing at a temperature di IVf-liXf P. (49^-54'' C.) for 15 minutes 
would prove destructive to the active stages, but would not completely 
destroy the ^gs. Washing for 30 minutes, however, proved destructive 
to the eggs. Drying khald uniforms in the hot air tumbler would also 
destroy any ^gs that might have escaped the action of the hot suds. 
Pressing in the universal press was also effective, but this treatment can 
not be relied upon to destroy all the eggs in an infested suit, as portions kA 
the uniform may not be toudied. Neither the lice nor their eggs were 
destroyed in the woolen goods by the regular washing, and since they are 
dried at room temperature, the problem reserved itself into devising some 
method of laundering wodens that would prove destructive. The first 
method which suggested itself was the treatment of the wocden goods in 
the hot air tumbler for 10 to 15 minutes before they are washed and while 
still dry. Nuttall^ claims ''that the moderate degree of dry heat necessary 
to kill vermin will not prove injurious to wool but that high temperature, 
104^ C, acting for 4 hours while but slightly yellowing white flannel, does 
not affect its tensile strength, but if exposed to 127^ C. for half an hour, 
flannel yellows and becomes^ brittle." This method, however, is open to 
two objections; namely, the danger of reinfestation of clean garments 
from handling garments infested with active stages in the vicinity of the 
tumbler, and the coagulating effect of the hot air on stains of blood, 
excreta, and other proteins, which may be present on garments before 
they are washed. Both these objections would be removed if the garments 
were first washed in such a manner as to destroy the active stages. The 
garments after drying could then be run in the tumbler to destroy all eggs 
which had escaped destruction during the washing. 

The efeci of soap suds on lice. — In experiments on contact insecticides, 
Moore and Graham^* had fotmd that, where the insecticide possessed both 
wetting and spreading properties, it entered the tracheae of the insect, 
thus bringing about death. Fat solvents, oils, etc., together with soap, 
possessed such properties. Ivory soap, however, was found to possess 
great cohesion, thus preventing it from readily entering the tracheae. 
By raising the temperature of the solution or diluting it with water, the 
cohesion was reduced. From these results, it was not apparent why the 
suds used in the previous experiments at a temperature of 110^-114® F. 
(43MS^ C.) should not have killed the active stages of the lice. The 
following experiments were conducted to throw more light on this point. 

Exp. 16. Lice not fed for 5 hours were dipped in a solution contaix^ing 1 gram of ivory 
soap to 100 C.C. of water dolored blue with trypan blue. Temperature 108**- 
115* F. (42'-46*' C). Lice removed in 15 minutes and examined by mounting 

M Combatiiig LounneM among Soldiers and Civilians. 

>• Physical Properties Governing the Efficacy of Contact Insecticides. Journ. «/ Agri. R§siarck 13: 
323-38. 1918. 
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in alcohol on a glass slide, but no trace of the colored soap solution cotdd be found 

in the tracheae. 
Exp. 17. Same as Exp. 16, but soap solution 1-250 c.c. results negative. 

Exp. 18. " " " " 1-500 c.c. " 

Exp. 19. " •• " 1-750 c.c. " 

Exp. 20. •• " " •• 1-1000 c.c. " 

Exp. 21. Same as Exp. 18, but soap solution at a temperature of 122^-132** P. (50^- 

56** C.)* Lice were killed by the treatment but no trace of the solution could be 

found in the tracheae. 
Exp. 22. Lice placed in soap solution 1-500 at room temperature at 8:13 a.m. and 

removed at 3 :30 p.m. No trace of soap solution in tracheae of specimens examined. 

Lice divided into two lots; one rinsed in water; the other not rinsed. Both sets 

revived within an hour. 



Since it appeared impossible for the ivory soap solution to enter the 
tracheae, a solution of Castile soap with much lower cohesion was used but 
similar negative results were obtained. Soap solutions having failed to 
enter the tracheae, the question arose as to whether fat solvents or oils 
could penetrate. 

Exp. 23. Lice dipped in xylene stained with Sudan III were examined at the end of 
5 minutes but no trace of the stain could be found in the tracheae. 

Exp. 24. Lice dipped in ether stained with Sudan II. One specimen examined after 
2 minutes but no stain was detected. Stained ether was found in few tracheae 
of a louse which had been dipped in the ether for 5 minutes, but none was found 
in a specimen removed after 8 minutes. 

Exp. 25. Twelve lice dipped in ether colored with Sudan III, for 10 minutes. Exami- 
nation showed 7 with no ether in the tracheae and 5 which had ether in several 
tracheae but none with ether in all the tracheae. 

Exp. 26. Four lice dipped in a light lubricating oil stained with Sudan III. Removed 
after 15 minutes, but no stain could be detected in the tracheae. 

Most of the lice in these experiments were dead when removed from 
the liquid having been killed by the chemical passing directly through 
the body-wall, since no stain could be detected in the alimentary canal or 
in the tracheal system. Landois*® has figured the closing apparatus of the 
pubic louse, which is similar to that of the clothes louse, and from the 
above experiments, the conclusion is reached that the louse is able to close 
this apparatus very quickly, but occasionally, as in the case of ether, a few 
tracheae are not closed quickly enough to keep out the chemical. A few 
experiments showed that the tracheae of the dog flea (Pulex serraUceps) 
were filled with stained ether after 1 minute immersion, but that the hog 
louse {Haematopinus suis) and the dog louse (Haematopinus piliferus) were 
somewhat resistant to its penetration, but not nearly so successful as the 
clothes louse. It is hoped to investigate this interesting observation more 
fully at some later date. 

s* Unttnuchungen (kbcr die auf dem Mentchen tchmarotsenden PedictUinen. Zeiischr, fi^ wiss, ZpoL 
15:494-^03. 1865. 
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Two possible methods of killing the active stages are suggested by 
these results: first the addition to the washing suds of a chemical capable 
of penetrating the chitin of the body-wall during the period of washing, 
and toxic enough to produce its death, and second, the elevation of the 
temperature of the washing suds sufficiently high to destroy the lice. 
In general, a chemical capable of penetrating the body-wall during the 
period of washing would have to be rather volatile and hence not suitable 
for the work. Judging from published accounts, soaking garments in a 
bath containing cresol or lysol is practiced to a large extent in Europe. 




Figure 1 
Sketch showing the closing apparatus in the trachea of the pubic louse (after Landois) 

The garments, however, are not rinsed following their dip. Peacock** 
found a 1 J^ per cent cold cresol solution to be capable of destrojring the lice 
and nits soaked in it for one hour. Nuttall** fotmd a 5 per cent cresol and 
soap solution to kill lice and nits in 30 minutes, while a 2 per cent lysol 
solution at 76** P. (24** C.) killed the eggs after 5 minutes exposure. Bacot 
and Lloyd" consider that "the evidence as a whole seems to establish the 
fact that steeping for twenty minutes in a 2 per cent solution, either lysol 
or the cresol soap, is quite effective provided the temperature is not below 
50® P." The following experiments were conducted to determine the 
efficacy of cresol either as a dip preceding washing, or when used in the 
wash suds. 

£xp. 27. Dipped 12 recently fed lice in suds with 1 per cent tricresol added. Tem- 
perature 75' P. (24*C.). Transferred after 5 minutes to suds at IIO'-IU'P. 
(43**-45*C.) for 15 minutes rinsing in water at 112* P. (44* C.) for 3 minutes. 
Dried on filter paper when 10 lice revived. 

£xp. 28. Same as Exp. 27 but cresol suds at temperature of 110''-114^ P. (43-45''C.). 
9 lice revived out of 16 used in the experiment. 

*> The Lottte Problem at the Western Proi^ Brii, M«d, Jowrn, 2:745-49; 7S4^8. 1916. 

s Cotnbftting Lousiiieit among Soldiers and Civilians. 

s Destruction of Nits of the Qothes Louse bjr Solutions of Cresol-Soap Emulsion and Lysol. BrU. 
Med, Jomrn. 1:479-S0. 1918. 
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Exp. 29. Dipped recently fed lice in 1 per cent tricresol in ivory soap sud« at 110*- 
114* P. (43*'-4S*' C.) for 15 minuted, rinsing in water at 112*F. (44* C.) for 3 
minutes. Dried, when 1 revived out of 17 lice. 

Exp. 30. Dipped in 2 per cent tricresol in suds at 110*-114**P. (43*-4S*C.) for 5 
minuees. Placed in regular suds at 110M14''P. (43''-45*C.) for 15 minutes 
rinsing in water at 112*" P. (44* C). Dried, no lice revived. 

Exp. 31. Same as Exp. 30 but with 3 per cent tricresol. All lice killed by the treat- 
ment. 

From these results, it is apparent that 2 per cent crude tricresol may be 
added to the washing suds or used as a dip preceding washing and prove 
eflfective in the destruction of the lice in the active stages. Altho the 
pieces of cloth were rinsed after treatment, an odor of cresol persisted, 
apparently being rather difficult to remove. 

Bacot and Uoyd^ point out that cresol emulsions are liable to decrease 
in insecticidal value in the presence of organic impurities. To what extent 
this action takes place is not known and it may vary greatly. Such being 
the case, and in view of the increased cost of using a chemical to destroy 
the lice, further experiments were made to determine to what extent heat 
might be used. A summary of these experiments follows. (Table IV.) 

TABLE IV 
SUMMARY OP 30.MINUTB TREATMENTS 

Dead Rbvivsd 

lOS* -110» avr. ia8.S*P.(42.6«C.) 1 7 

llO" -113' avr. 110.7* P.(43.7»C.) 3 7 

110" -115* avr. 111.6'P.(44.2'C.) 1 16 

109* -US* avr. 112.4*P.(44.6'C.) IS 1 

ilff -lis* avr. 113* P.(45* C.) 18 

112* -114* avr. 113* P.(45* C.) 15 

SUMMARY OP 22.MINUT9 TREATMENTS 

110" -116* avr. 112.S*P.(44.8*»C.) 10 

113* -115* avr. 114.2* P.{45. 6*0.) 10 

114* -117* avr. 115.2*P.(46.2*C.) 8 

SUMMARY OP 15.MINUTB TREATMENTS 

111* -115* avr. 112.3* P.(44. 6*0.) 6 8 

111* -US* avr.113* P.(45* C.) 11 

111* -US* avr. 113.3* P.(45* C.) 9 9 

112* -116* avr. 114* P.(45.$*C.) 10 2 

112.S*-116* avr. 114.2* P.(45.6* C.) 18 

113.$*-117.S*avr. 114.9* P.(46* C.S 8 

ll$.5*-117.S*avr. 116.S*P.(46.9*C.)... 6 

* 

These experiments show the lethal temperature for lice is about 113** P. 
(45*' C.) for 22- to 30-minute washings and a slightly higher temperatiire, 
114. S** F. (45.8** C.) proved effective in 15 minutes' time. When woolen 
garments are quite soiled, the usual practice in latmdries is to wash them 
at the higher temperature of 120*'-12S*' F. (48**-52*' C), care being taken 
throughout the process to keep the temperature constant which is the im- 
portant point in washing woolens to prevent shrinkage. These tempera- 
tures may be easily maintained in the washing-machine. 

** Destruction of Nits of the Clothes Loose by Solutions of Cresol*Soap Emulsion and Lysol. 
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Consideiing the data presented, the following procedure is recom- 
mended for the laundering of woolen goods to destroy both lice and eggs. 
Infested garments may be washed at a temperature of 120** F. (49® C.)» 
not to fall below IIS^ P. (46*' C.) during the washing period of IS minutes, 
this treatment destroying the active stages without the use of any special 
chemicals. Garments are then treated in the regtdar manner until perfectly 
dry, when they should be placed in the hot air tumbler at a temperature 
of 150^-1 70"* P. (66^-77^* C.) for 10 to 15 minutes. This destroys the eggs. 
By this method, it will be possible to launder woolens without shrinkage, 
and to destroy the lice and eggs without the use of a special chemical.'^ 

These experiments have been corroborated in general by the experi- 
ments conducted in the regtdar army laundering tmits by Pierce, Mosco- 
witz, and Hutchinson.^ In their experiments the woolens were washed at 
a slightly higher temperature, 131® P., and dried in a hot air tumbler 
without shrinkage resulting. 

Effect of heat on woolens. — Pierce and Moscowitz" found that 
shrinkage of woolens took place when heated dry in the ttunbler, but did 
not when the woolens were dried in the tumbler. Woolman and Mc- 
Gowan" state that "certain influences increase the felting action, e.g., 
expansion due to heat, followed by sudden contraction from cold — chang- 
ing from hot to cold water, or hanging the warm, wet fabric outdoors 
on a cold day." Pulton and Staniford*' have shown that in the steam 
sterilization of woolen blankets, sudden opening of the sterilizer will cause 
shrinkage, while if only partly opened, allowing a gradual cooling, shrinkage 
does not result. It would appear, therefore, that if the dry woolens were 
heated in the hot air tumbler, avoiding too sudden changes in temperature, 
shrinkage would not result. 

Matthews^* states that in heating wool with water under presstire, 
the fibre is disorganized, due to the hydrolysis of the wool protein. It is to 
be expected that steam sterilization would produce such results and that 
repeated sterilizations would materially reduce the strength of the fabric. 

M Pierce, Hutchison, and MoscowiU in an article appearing in the National Laundry Journal 81: 
no. 1. January 1919, state that I recommend washing woolens at a temperature of 123* P.. preferably 125* P. 
to destroy the eggs of the lice. In the report to which they refer the following statement occurs: "In- 
fested garments to be washed at a temperature of 120* P. not to fall below US* P. during the washing 
period of fifteen minutes, this treatment to destroy the active stages without the use of any special chemi- 
cals. Garments are then treated in the regular manner until perfectly dry when they should be placed in 
the tumbler for a x>eriod of ten to fifteen minutes resulting in the destruction of the eggs." 

W. M. 

M MS reports to the Surgeon-General's office. August and September, 1918. 

s' Plowers of Sulphur and Lice. Brit, Med, Joum, 1:395. 1915. 

M The Sterilisation of Woolen Blankets and Uniforms. Journ, Amer, Mei^. Assn. 7 U i2S'24, 1918. 

** The Textile Piben, Their Physical, Microscopical and Chemical Properties. New York: John Wiley 
ft Sons. 1913. 
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Presence of an alkali greatly increases the hydrol3rsis of the wool; hence 
dr3ring garments in a hot air tumbler, if any alkali were present from the 
wash water, should produce similar results. The whole question of the 
effect of dry heat and of steam upon woolens is in need of further investi- 
gations before being adopted upon a larger scale. 

FUMIGATION 

The use of steam or hot air for the sterilization of the garments is 
superior to the use of a chemical for fumigation purposes, but in many 
cases, owing to the lack of proper facilities or fuel for canying out such 
sterilization, a method of thoroly fumigating garments is necessary. 
To meet this need, carbon bisulphide,*^ carbon tetrachloride,*^ naphtha- 
lene,** creolin,** sulphur dioxide,** hydrocyanic acid,** and other chemicals 
have been considered. The small amount of vapor of the less volatile 
of these chemicals present in a saturated atmosphere at room temperature 
makes necessary a considerable degree of heat, or an exposure for a long 
period of time, to produce the desired results. The more volatile chemicals 
such as carbon bisulphide or carbon tetrachloride have so low a toxicity 
that unless large quantities of the chemical are used or the temperattxre 
is raised to the boiling point of the chemical, the insects are only stupified 
and soon revive. The slow penetration of hydrocyanic add together with 
the difficulties of generating the gas restricts its use. Similar objections, 
to which may be added a relatively low toxicity, may be raised to sulphur 
dioxide. 

In a study of the toxicity of a large number of chemicals** it was found 
that chlorpicrin, or nitrochloroform (CCI3 NO2), altho quite volatile, 
possesses a very high toxicity. This high toxicity is due, in a large measure, 
to the ability of the chitin to absorb from the air even minute quantities 
of the chemical and to permit it to pass through into the insect's body.*^ 
In studies dealing with the fumigation of grain and flour, chlorpicrin showed 

>• Beitrage sur Bek&mpfting der KleiderUuae in Kleidern. Ctniralbl. /. Bakt* u, PorasiUnk. 1 AbU 
Orig. vol. 77:320-38. 1916. 

*i Bntl&usung mit Tetrachlorkohlenstoffgms. MUnchentr med, Wocktnsckr, 65:235-37. 1918. 

•* NuoTO metodo di steriliMasione entom-parMtitario. iiiiM. d*Igi4n4, 26:493-508. 1916. Abttract. 
RtHewof AppL Bntom, (tenet B) 4:177-78. 

n I pidocchi ed i mesti per dittruggerli. Ann, d^IgUne, 26.-92-108. 1916. Abttract. Rivitw €f AppL 
Entom, (teriet B) 4:83. Mttto, op. cU, 

M Prtedmann. op, cit, 

** Intecticidal Fumigation in Shipt with Special Reference to the Ute of Hydrocyanic Add and to the 
Prevention of Shix>-Bome Yellow Fever. Med Journ. of Australia Nov. 4, 1916. 

EntUnsung durch Zyanwasterstoff. Dtnlsch, nud, Wocktnsckr. 43:303-4. 1917. 

M Volatility of Organic Compounds as an Index of the Toxicity of Their Vaport to Intecti. J own, of 
Agric, Research 10:365.71. 1917. 

s' Phytical Propertiet Governing the Efficacy of Contact Insecticides. 
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great penetration.** Experiments were therefore conducted to determine its 
value in the fumigation of clothing to destroy lice and their eggs. Inasmuch 
as under field conditions only the simplest apparattis is available for the 
work, the ftunigations were carried out in an ordinary galvanized iron 
ash can, without special efforts to make it air tight. Chlorpicrin of 
the desired quantity was poured upon the garments, while they were being 
packed in the can, thus instuing a more rapid evaporation and penetration. 
The results of these experiments (Table V) show that to evaporate the 
chlorpicrin rapidly in order that it may penetrate all parts of the clothing 
and destroy the eggs of the lice within 30 minutes, a small amotmt of heat 
is necessary. Three one-liter flasks filled with water heated to SO^'-SS® C. 
were found to answer the purpose. In practice the box might be heated 
to 30^-35^ C. or hot stones might be used in the same manner as the flasks. 
Where no heat was available, a longer exposure is necessary. The active 
stages are more easily destroyed than eggs; hence in only two experiments 
were active stages used. They were placed in vials closed with gauze and 
the vials placed in pockets of the trousers in folds of the cloth, and in one 
case wrapped in 3 thicknesses of heavy underwear and placed in a leather 
ax case which was then strapped shut. The lice were used in experiments 
P and C and were in all cases killed. 

Inasmuch as chlorpicrin is used in gas warfare, a supply shotdd be avail- 
able on the fighting front. Owing to its poisonous nature, and its irritat- 
ing effect on the eyes, nose, and throat, it wotdd be necessary for the 
operator to use a gas mask. Airing the clothing in the open for 3 to 5 minutes 
is sufficient to remove the chlorpicrin, after which the clothing can be 
worn. 

No bleaching or fading of colored fabrics was observed in a number of 
tests made with fabrics of delicate coloring, providing the chlorpicrin 
contained no impurities of chlorine or nitrogen peroxide.** No injurious 
effect on leather was observed, but rubber is injured somewhat, altiio not 
as much as might be expected. 

The use of chlorpicrin is recommended as a means of debusing garments 
under conditions prohibiting the use of hot air or steam, since no partictdar 
apparatus is needed for the work. Chlorpicrin is superior to other chemicals 
reconomended for fumigation since, on accotmt of its extreme toxicity, 
high volatility, and ability to penetrate through masses of clothing, a 
high temperature is not necessary to insure the destruction of both eggs 
and active stages of the lice in a short period of time. 

•» Fumigation with Chlofpicrin. Journ, of Earn, Enio, 11:357-62. 1918« 
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34 MOORE AND HIRSCHFELDER 

METHODS OF LOUSE DESTRUCTION BY PEDICULICIDES 

Even tho the methods of freeing the soldiers' clothing of lice should be 
perfect, in practice it is impossible to carry out such measures with more 
than a limited number of men in one day. Further, it appears to be im- 
possible to segregate the clean men tmtil such time as their comrades 
have been cleaned. Such being the case, the soldier comes in contact 
with lousy men and becomes reinfested, not once but possibly many times 
in the period between lousings. It is for this reason that the need of a 
good pediculidde arose, and it is possible that, due to the lack of such .a 
pediculidde, the louse problem reached the magnitude it has in the present 
war. To supply this need large numbers of chemicals have been exper- 
imented with and recommended for use. Hase^^ mentions as many as 181 in 
his experiments, while Nuttall** lists 110 that have been recommended in 
practice. The motto in the work appears to be "try everything" and this 
has been done without an effort being made to determine any of the prin- 
ciples which may govern the action of the chemicals. The present investi- 
gation was conducted primarily to ascertain first, the principle upon which 
the insecticide acts, and second, by the application of this principle, to 
produce better preparations. Many chemicals have been used, not with 
the idea of their value as pediculiddes, but rather to eluddate the action 
of chemicals used in that manner. Throughout the work certain prindples 
governing the toxidty of volatile organic compounds have been used 
which were discovered previous to this investigation.** These prindples 
may be briefly outlined as follows: 

1. The volatility, of which the boiling point is in general an index, influences to 
a marked extent the toxicity of the vapor of the chemical. 

2. The lower the boiling point of a chemical the greater is the quantity of the 
chemical which may be held by a given quantity of air. 

3. Using a saturated atmosphere of the vapor of a chemical, it was found that 
death was produced most qtiickly by the chemical with the lowest boiling point 
(highest volatility), while compounds with very high boiling points required long 
periods of time to produce death. 

4. Using equal quantities of the vapor, death is produced most quickly by the 
compound with the highest boiling point (lowest volatility). 

An example of the manner in which these prindples work may make 
the meaning dearer. A saturated atmosphere of benzene (b.p. 80.36° C.) 
containing about .184 grams per liter of air. will kill house flies in about 
13 to IS minutes at a temperature of 20°-22° C. while a saturated atmos- 
phere of nitrobenzene (b.p. 205® C), which contains only about .004 grams 

«• Weitere Beobachtungen ftber die L&oseplage. Centralbl, f. Bakt. «. Parisitenk. 1 Abt. Otig. vol. 77: 
153-63. 1915. 

«> Combating Louiioess among Soldiers and Civiliani. 

** Volatility of Organic Compounds as an Index of the Toxicity of Their Vapors to Insects. 
Physical Properties Governing the Efficacy of Contact Insecticides. 
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I>er liter, requires 115 minutes. On the other hand, using equal quantities 
of the vapor it is found that .004 grams of benzene act so slowly that more 
than 7 hours are required to produce death. This period is so long that 
death may not be entirely due to the action of the benzene vapor. 
Naturally, chemical activity has a bearing upon its toxicity, but in general, 
unless the chemicals have nearly the same volatility, the difference in 
chemical activity is entirely masked by the changes in toxicity due to 
changes in volatility. 

An examination of the louse problem shows four different methods by 
which a pediculicide may be appUed; first, direct contact of the chemical; 
second, sachets; third, louse powders; fourth, impregnation of the under- 
wear. 

Direct Contact of the Chemical 

Many different chemicals have been recommended to be rubbed along 
the seams of the clothing to destroy lice and their eggs. Some of these 
compounds are for the purpose of killing by direct contact, while others 
are thought to act as repellants. Almost any active liquid chemical with 
a boiling point above 160° C. and below 250° C. will destroy lice and their 
eggs when brought into direct contact with them; hence no special investi- 
gation of this phase of the problem was made. Cresol or lysol are possibly 
the cheapest of the chemicals which might be used for this purpose. Inas- 
much as all the lice and nits would not be reached by this method, and 
since it would not protect from reinfestation, it can not be refcommended 
as an effective method of louse control. 

Concerning the use of repellants, observations with many chemicals 
throughout the experiments ?how that those compotmds which acted as 
repellants were actual poisons, present in too small quantities actually to 
kill the lice, or very slow in action, due to a very low volatility. It appears 
very doubtful if a compotmd repellant to lice exists which, tmder more 
favorable conditions, would not actually kill them. 

Use of Sachets 

Primitive man protected himself from different ills and evil influences 
by wearing a charm suspended from the neck, while modem man con- 
tinuing the same method, has substituted a bag of asafoetida or camphor 
for the charm. Such is probably the origin of the sachet method of pro- 
tecting the soldier from attacks of lice. Naphthalene,** camphor,** sulphur,** 
paradichlorbenzene,**and various other chemicals*' have been used in sachets 

<s Zur Prophylaxe des Flecktyphus. Deutsch. med. Wochenschr, 41:12. 1915. 

** Mesures prophylactiquei contre le typus exanth^atique et le typuii rdcurrent. Paris Med, 5:206-12. 
1915. Abstract, Review of Appl. Entom. (series B) 3:232. 

** Shipley, op. cit, 

* Hase, op, cit, 

*' Control of Lice in the Active Army. Proc, Conftr, Bacter, Moscow pp. 70-71. 1915. Abstract, 
Review Appl, Entom, (series B) 3:122-23. 
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worn suspended from the neck or from the waist of the soldier. Inasmuch 
as these chemicals give off a vapor which is toxic to insects, it was thought 
that this method might be of some value in the destruction of the lice. 
In the preliminary experiments, muslin bags containing 5 to 10 grams of 
the chemical to be tested were suspended from the neck while a wide- 
mouthed vial containing the lice was fastened at the waist line. The opening 
of the vial was closed by means of a piece of bolting cloth, to prevent the 
escape of the lice. Naphthalene, paradichlorbenzene, and chloretone were 
used in these experiments, but the lice were not only active but even laid 
eggs during the exposure. One experiment in which naphthalene was used, 
had the bag located not more than 5 or 6 inches from the vial. The subject 
slept, covered with a heavy woolen blanket in addition to the nonnal 
clothing, and after an interval of several hours the lice were found to be dead. 

From results of previous experiments with insects, even small quantities 
of these chemicals having rather high boiling points should prove toxic to 
the lice. Two explanations are possible to account for their failure; either 
the diffusion of the vapor was so slow that it failed to reach the lice in 
sufficient quantity to prove fatal, or the rate at which the chemical escaped 
from the space between the body and the clothing was so rapid compared 
with the rate at which it evaporated, that not sufficient vapor was retained 
under the clothing to bring about the death of the lice. In large glass 
cylinders where there is no opportunity of escape, the vapor diffuses suf- 
ficiently in a few hours to kill lice in all parts of the vessel. It appears, 
therefore, that the ineffectiveness of these compounds must be due to the 
rapidity with which their vapors escape from the clothing. The following 
experiments were conducted to determine the accuracy of this point. 

Five-gram lots of the compotmds to be tested were weighed out in 
watch glasses and placed in wide-mouthed jars lying on their sides. The 
openings of the jars were covered with different types of cotton, wool, and 
silk imderwear, woolen and khaki clothes, and combinations of these to 
as many as three or four thicknesses. Our control jar was left open, while 
another w£ts closed with a glass top. From a comparison of the amount 
of evaporation from these jars, it is possible to arrive at an estimation of 
the amoimt of diffusion through the different types of clothing. In the 
case of the jar closed with a glass top, the air soon became saturated with 
the vapor after which no further evaporation occurred. This amount was 
so small in the case of camphor, naphthalene, and paradichlorbenzene, 
that no difference in weight could be detected in the compound. The loss 
in weight due to evaporation from the open jar was considered as represent- 
ing the quantity of vapor, which escaped and was taken as 100 per cent. 
Upon this basis, it was found that the loss in weight of naphthalene con- 
tained in jars closed with different types of clothing varied from 44 per cent 
to 88 per cent, and paradichlorbenzene from 55 per cent to 62 per cent of 
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the loss in weight from the open jar. (Table VT.) These experiments 
were all conducted in a room heated to a temperature of 26®-28® C. 

From these results, it is apparent that not more than 15 to 50 per cent 
of a saturated atmosphere of these chemicals could be retained under the 
soldiers' uniform. In actual practice, the percentage is much less, due to 
the escape of the vapor through openings about the neck, arms, etc., the 
diffusion being increased by movements of the diaphragm. 

TABLE VI 

EVAPORATION OP VOLATILE COMPOUNDS FROM JARS CLOSED WITH DIFFERENT 

KINDS OF CLOTH 

Naphthalbnb 

Ptr cent 

Check 100 

Light cotton gmuse underwear 66 

Medium cotton and wool underwear 88 

Medium cotton underwear 66 

Medium silk and cotton undtfwear 66 

Medium silk underwear 88 

Heavy cotton fleece-lined undtfwear 88 

Heavy cotton and wool underwear 85 

Blue flannel 77 

Double blue flannel 44 

Muslin underwear, woolen shirt, khald coat 50 

Paradichlorbbnzsnb Per cent 

Check. '. 100 

Medium wool and cotton underwear 62 

Fleece-lined cotton underwear 55 

Light cotton gause underwear 60 

Xylene Per cent 

Check 100 

Fleece-lined cotton underwear 46 

Light gause cotton underwear 50 

Medium silk underwear 50 

Medium wool and cotton underwear 42 

Heavy cotton underwear 46 

Muslin underwear, woolen shirt, khald coat 43 

Such low percentages of sattiration are not sufficiently high in the cases 
of naphthalene, paradichlorbenzene, camphor, etc., to result in effective 
control of the lice. Bacot** obtained similar results, but considered them 
to be due to the slow diffusion of the chemicals tested. 

Better results might be obtained by selecting such chemicals as have 
a rate of evaporation high enough to overcome in a large measure the loss 
due to leakage through the clothing. Similar experiments were therefore 
conducted with xylene mixed with fuller's earth. The leakage amotmted 
to from 40 per cent to 45 per cent, while SO per cent of a saturated atmos- 
phere of xylene is sufficient to produce death. Bags of ftdler's earth 
containing xylene, worn about the neck, killed lice contained in a vial 
suspended at the waist line, but the xylene in contact with the skin burned 

** The Use of Insecticides against Lice. Brit. Med, J own. 2:447-50. 1916. 
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and produced bKsters. This objection was overcome by preventing the bag 
from coming in contact with the skin by means of a piece of tin foil or 
rubber sheeting. 

An opportunity of determining the value of this method presented 
itself when a student was fotmd infested with the pubic louse. He con- 
sented to give the sachet method a trial tmder conditions similar to those 
encountered in the field. Two bags containing ftdler's earth and xylene 
were attached to a tape tied around the body about 3 inches above the 
waist line. Within 6 hotirs all the lice were stupified and fell down his 
trouser legs, lodging in his underwear below the knees. In this position 
there was insufficient vapor of xylene to bring about death, and in a few 
hours the lice revived, attaching themselves to the ha!irs of his leg in the 
form of a circle. Other means were then taken to free him of these objec- 
tionable insects. 

From these experiments it is apparent that sach^ of naphthalene, 
camphor, paradichlorbenzene, or other high boiling point compounds 
would not be successful in practice, since the leakage through the clothing 
is too rapid in comparison with their rate of evaporation. Chemicals with 
lower boiling points, such as xylene, will evaporate rapidly enough to 
maintain a quantity of vapor under the clothing sufficient to produce 
the death of the lice. Owing to the fact that the lice are first stupified, and 
fall into a region where the vapor is absent or not present in sufficient 
quantity to produce death, it would be necessary to attach one or more 
sachets on each leg. Considering the large quantity of xylene evaporating 
each day from one sachet, and adding to this the large number of sachets 
which would have to be worn to prove effective, it is at once apparent 
that the expense makes protection by means of sachets impossible. 

In order that a chemical with a high boiling point may be used suc- 
cessfully as a pediculicide, its evaporation must be increased by exposing 
a large surface of the chemical. This may be accomplished in two ways, 
either in the form of a powder dusted through the clothing or by the direct 
impregnation of the tmderwear. Either method further increases the 
action of the chenwcal by bringing it into direct contact with the louse. 

Louse Powders 

Powders have been used extensively in the control of parasitic insects 
on domesticated animals, and it is nattiral that similar powders should 
be recommended for the destruction of clothes lice. Pyrethreum powder 
has been extensively used as a louse powder, or as the chief ingredient of 
the louse powders. Pyrethreum, altho it will destroy lice in contact with 
it for a long period, usually first stupified the lice, causing them to fall out 
of the active zone of the powder. Naphthalene has been used as a louse 
powder with more or less success, but the most successful powder has 



THE LOUSE PROBLEM 39 

been the N. C. I. powder** made of naphthalene, 96 per cent, creosote, 
2 per cent, iodoform 2 per cent. 

The N, C, 7. potvder. — ^Altho N. C. I. has proved most successful, 
several objections have been offered to this preparation; first, that it is 
moist, and hence diflScult to dust through the clothing, and second, it is 
inclined to btim the skin, particularly in the fork of the legs. Preliminary 
experiments agreed with the restilts of Kinlock*** that an atmosphere 
saturated with the vapor of the combined powder was more toxic than the 
vapor of any one of its constituents. The problem, therefore, was to de- 
termine the cause of this increased toxicity. It would appear that the 
creosote being more volatile than either naphthalene or iodoform would 
evaporate, leaving a powder composed of naphthalene and iodoform only. 
Observations have shown that when N. C. I. is exposed to the air for several 
days it becomes dry and is then of no more value as a louse powder than 
naphthalene itself. Naphthalene and iodoform being somewhat soluble 
in creosote, a saturated solution of both these chemicals was prepared. 
This solution proved as toxic as the N. C. I. powder. Inasmuch as the 
two grams of creosote present in 100 grams of N. C. I. would dissolve only 
about one third of a gram of naphthalene and about one twelfth of a gram 
of iodoform, there does not appear to be any reason why such large quantities 
of these chentiicals should be used in the powder. After experiments with 
Lloyd's alkaloid reagent, fuller's earth, and a few other similar inert in- 
gredients, talc was selected as a basis for the powder. Using talc, a larger 
quantity of creosote could be used and the finished product still remain 
dry in comparison with the moist N. C. I. The powder made of twenty 
grams of talc, one-half gram of naphthalene, one-half gram of iodoform 
and 1 c.c. of creosote was fotmd to be just as effective as the N. C. I., with 
the added advantage of being drier and much cheaper. (Table VIII.) 
Experiments showed that the creosote alone was not as effective as when 
either naphthalene or iodoform was added, but creosote naphthalene, or 
creosote iodoform, appeared to be slightly better than a combination of 
all three chemicals. 

TABLE VII 

VOLATILITY OF CERTAIN CHEMICALS USED IN LOUSE POWDERS 

Grams pbr 
Compound sq. cm. 

H HOUR 

Creosote 001312 

Methyl salicylate 002424 

Naphthalene 0008609 

Iodoform 0001716 

Naphthalene in creosote 8 per cent solution 001622 

Naphthalene creosote 50-50 001928 

loooform in creosote saturated solution 001202 

Iodoform and naphthalene in creosote saturated solution 001806 

Sulphur in creosote saturated solution 001323 

Naphthalene in methyl salicylate 003451 

** Peacock, op, cit. 

M An Investigation of the Best Methods of Destroying Lice and Other Body Vermin. Brit. Med, 
Journ. 1:789-93. 1916. 
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Principles of louse powders. — ^The value of the N. C. I. or a gitnilar 
powder appears to be due to the less volatile and more toxic naphthalene 
and iodoform evaporating with the creosote, just as in fractional distilla- 
tion the lower fraction of a liquid carries over small quantities of the higher 
boiling liquid. At the time that the powders listed in Table VIII were 
prepared and tested, this point could not be definitely determined, but 
after the apparatus for stud)dng volatility, described later in this paper, 
was available, data were obtained. (Table VTI.) From these results it 
is seen that the addition of naphthalene to creosote or methyl salicylate 
increases the loss in weight per half-hour. The loss is greater with methyl 
salicylate, possibly due to the greater solubility of naphthalene in it. The 
addition of iodoform slightly reduces the loss in weight while sulphur does 
not appear to affect it. By the evaporation of saturated solutions of 
naphthalene or iodoform in creosote to dryness at room temperature, it 
was found that the creosote carries the naphthalene or iodoform with it. 
When naphthalene and iodoform were both present to saturation in the 
creosote, crystals were found in the dish, as it approached dryness, showing 
that the crebsote could not carry both as well as it could either one. From 
a mixture of .09 grams of stilphur with 7.7 grams of creosote, after evapora- 
tion, .0856 grams of sulphur were recovered. Considering the possibilities 
of the loss of particles of sulphur during its recovery, it is apparent that in 
evaporating, the creosote carries very little, if any, sulphur with it. A 
good louse powder would, from these studies, contain a liquid of about 
the volatility of creosote, in which was dissolved a more toxic and less 
volatile liquid or solid, to be carried to the insect by the vapor of the more 
volatile portion. These chemicals forming the active principle of the louse 
powder can then be mixed with an inert carrier such as talc, in order that 
the finished powder may be dry and easy to dust through the clothing. 

Experiments with different powders, — Usiing this principle, it was fotmd 
easy to make any number of powders equal or surpassing N. C. I. in tox- 
icity. Pieces of underwear were dusted with the powder and laid over a 
small square of cloth to which the lice were attached. At the end of the 
period of time determined for the experiment, the tmderwear was removed 
and all particles of powder adhering to the lice removed as far as it was 
possible. The lice were then placed in a dean vial, and left for 12 to 24 
hours in the incubator to determine the percentage actually killed. This 
precaution was necessary as lice are often stupified, possibly due to the 
closure of their spiracles in the presence of a toxic vapor, just as when 
they are dipped in soap solutions. An examination of the results show that 
methyl salicylate is not as good as creosote, possibly due to its greater 
volatility. Crude phenol or crude cresol would serve better as substitutes. 
Many of the toxic chemicals used would be too poisonous or too expensive 
for use on the body, but are listed to show the correctness of the principle 
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Upon which the powders were prepared. The chemicals which in the later 
studies proved best for the impregnation of the imderwear could also be 
used in the manufacture of effective louse powders. 

The results obtained with creosote and sulphur were surprising, since 
sulphur is not carried by the vapor of creosote. Considered from the stand- 
point of cheapness, restdts, and effect on the skin, talc 20 grams, creosote 
1 c.c. and sulphur ^ gram formed the best louse powder. A number of 
experiments were tried with this powder, and, altho in some cases the lice 
when removed from the powder at the end of five minutes showed signs 
of life, in all cases they died within the next few hotu^. The experimeaits 
with creosote saturated with sulphur demonstrated that an excess of 
sulphur was necessary to give the best results. Sulphur alone dusted on 
underwear and covered over the lice for S-, 10-, or 20-minute periods, 
failed in all cases to kill the lice, or even to stupify them. Stilphur has 
often been advised for use in destroying lice, but altho some results are 
favorable, others are just as unfavorable. It may be that when sulphur is 
brought into contact with the lice vmder the proper conditions it proves 
destructive, while if these conditions are not attained, tmfavorable restdts 
are obtained. The creosote present in the powders may, by bringing the 
sulphur into close contact with the louse, produce conditions favorable 
to the effective action of the stdphur. 

The sodium or calcium salt of cresol or a halogenated cresol, described 
in the section dealing with the impregnation of the underwear, might be 
used successfully as a louse powder. Particles of these chemicals remaining 
in the tmderwear would be gradually decomposed by the action of carbon 
dioxide and moisture given off by the body, forming the original cresol. 
Such a powder would be effective for a longer period than those previously 
mentioned. 

The use of powders. — Two points may be mentioned concerning the use 
of powders to destroy lice. The soldier, in general, objects to their use 
since effective powders are inclined to produce irritation, particularly 
when the soldier is perspired, while powders which do not bum are of no 
value. The second point is the enormous quantity of powder necessary 
to treat effectively the great numbers of men at the front. Using two 
oimces of powder for one application, the quantity which would be necessary 
for good results, would mean 1,250 potmds to each ten thousand men. 
The action of the powder is such that few, if any, eggs of the lice would 
be destroyed; hence it would be necessary to repeat the treatment about 
every two days. The quantity of powder demanded for an army would 
be enormous, and when one considers that about 90 per cent of the powder 
is inert material, its use can not be recommended other than as a sup- 
plementary control measiure for use imder exceptional conditions. 
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Impregnation op thb Underwear 



Lobaczewski*' used 01. betttilae 30 per cent in 96 per cent alcohol to 
impregnate underwear, claiming that the effect was lasting. Bacot" used 
a mixttu*e of equal quantities of crude carbolic acid and soft soap diluted 
with water to make a 5 to 10 per cent carbolic add solution. Shirts im- 
pregnated with this chemical were effective for about a week. Gunn" 
used 10 per cent of naphthalene and 10 per cent sulphur dissolved in 
benzene or gasoline to impregnate cheese doth garments, which were worn 
at the front and reported to be very effective. No definite experiments 
are given, and since naphtlialene will evaporate from such a suit within 
24 to 48 hours, and Bacot** has shown sulphur impregnations to be in- 
effective, it is doubtful if such suits are of any insectiddal value. Cytisine 
was experimented with by Bacot" but was discarded due to its high 
toxidty, being an alkaloid similar in physiological effects to nicotine. 
Nuttall** mentions experiments by Peacock with caldum monochlorcresol 
and copper monochlorcresol as being effective, but of no use when men 
are heavily infested. 

Since impregnation appears to be the most effident method of applying 
the insectidde, but a me'thod which has not been extensively investigated, 
a long series of experiments was conducted to determine its possibilities. 

The use of oils, — Hase*^ has shown that when the underwear is worn 
until it becomes dirty and greasy that few or no lice are fotmd in it. In 
northern Minnesota some of the lumbermen also recognize this method of 
ridding themsdves of lice. Whether this practice is of value due to the 
grease or oil present in the underwear proving objectionable to the lice or to 
the higher temperattire tmder such underwear is not known, but it is 
interesting to know that in Africa many tribes of natives rub their bodies 
with oil or grease and such natives are usually comparativdy free of lice. 
Due to these suggestive observations, in the first experiments, oils were 
used to impregnate tmderwear. The essential oils were not used since 
they depend for their effectiveness largely upon volatile fractions which 
soon disappear. Slightly volatile or non-volatile mineral, vegetable, and 
animal oils were used to satturate pieces of woolen tmderwear which were 
then cut into pieces about 1 cm. square and placed in small vials. Lice were 
then introduced and the vial placed in the incubator. The lice were fed 
twice a day, and as it was noted that in many cases the lice were inclined 

•> Zur Prage der **Bntl&usung.** Wieu, klin. Wocheuschr. 28:373-74. 1915. 

*■ The Uie of Insecttcidet mgainst Lice. 

** A Note oo the Prevention of Pediculosis. Brit, Med, J own, 1:579-80. 1917. 

M The Use of Insecticides against Lice. 

■> Ibid. 

•* ComtMiting Lousiness among Soldiers and Civilians. 

^ Hase, op, tit. 
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46 MOORE AND HIRSCHFELDER 

to leave oily doth, such lice were again placed upon the doth* at eadi 
feeding. The results were as follows: 

Olive oil killed 50 per cent in 4 days 
Cedar oil killed 100 per cent in 20 hoiuB 
Castor oil killod 100 per cent in 92 hours 
Cod-liver oil killed 100 per cent in 68 hours 
Pttrafl&n oil killed 100 per cent in 68 hours 
Liquid petrolatum lolled 100 per cent in 20 hours 
Rape-seed oil killed 100 per cent in 44 hours 
Neat's-foot oil killed 50 per cent in 6 da3rs 
Lard oil killed 100 per cent in 116 hours 
Cotton seed oil killed 50 per cent in 4 dasrs 
Commercial oleic add killed 100 per cent in 20 hours 
Raw linseed oil killed 100 per cent in 63 hours 
Boiled linseed oil killed 100 per cent in 63 hours 
Whale oil killed 100 per cent in 63 hours 
Fish cH killed 100 per cent in 15 hours 
Peanut dl killed 100 per cent in 39 hours 

In these first experiments the quantity of oil was not measured. To de- 
termine the effect of definite quantities of oils, the experiments tabulated 
in Table IX were conducted. Different lubricating oils designated as 
BPMO, PPO, WMO, Cylvalette, etc., and animal and vegetable oils were 
used. The viscosities of these oils measured at room temperature by a 
stalagmometer are given, the viscosity of water being taken as 1. 

The results with the oils were in general not favorable, unless a large 
quantity of the oil was present. The proportion of 3^ c.c. to 1 sq. in. of 
the doth, which is just sufficient to make it oily to the touch, did not 
give good results. 

Inorganic chemicals. — ^A ntunber of inorganic chemicals were next 
studied, among which were some soluble only in water, others were oil 
soluble, and a few were used dissolved in PPO, a light lubricating oil. 
The only really effective chemical was a saturated solution of bichloride 
of mercury. Mr. Herbert P. Pearson, a textile expert, considering that 
lice are not usually found in felt hats impregnated with mercury com- 
pounds, prepared for study a number of pieces of doth impregnated with 
mercury compotmds. The object to be attained in his impregnation was 
stated to be the union of mercurous oxide or mercury metal with the 
keratin of the doth. Series A was impregnated by a two-bath process on 
wool shirting, the mercuric chloride bdng applied hot and sodium formate 
cold, in the proportion 27:15 by weight in the same volume of water. 
After the two impregnations, the samples were dried on a cylinder heated 
to 220^ P., washed in hot water, and redried. There would, therefore, be 
no free mercuric chloride on the doth. Series B was impregnated by a one- 
bath process using mercuric chloride and add sodium formate. Series C, 
D, and E were impregnations of cotton nainsook using the same process 
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THE LOUSE PROBLEM 49 

as Series B. The strength of the solutions used was not given except that 
the K series was considered a better impregnation than the H series 
Nothing is known of the L series other than the data given in the table. 

The restdts of these impregnations were not favorable, possibly due to 
the chemical union of the mercury with the keratin. To be effective, 
the mercury salt would have to be free, and in such a state would be too 
dangerous to be worn by the soldier. The observation that the clothes 
louse is seldom found upon felt hats is no doubt explained by the fact that 
the head is not their natural habitat. 

Active organic chemicals dissolved in oil, — ^Prom the results of other 
experiments** it was found that oils wet and spread over the chitinous 
exoskeleton of the insect, hence it would appear that if an active chemical 
was dissolved in the oil this chemical would be brought into closer contact 
with the chitin and would have a better opportunity of penetrating and 
causing the death of the insect. This series contained organic acids, 
derivatives containing iodine, alkaloids, and organic bases; anthracene and 
other hydrocarbons usually found with it,** naphthalene and naphthalene 
derivatives, nitro and hydroxyl derivatives, and a few general chemicals 
classified as sweet-smelling aromatics. The chemicals were dissolved in 
light lubricating oils and except where the chemical was quite soluble in 
the oil, a saturated solution was used. To insure obtaining a saturated 
solution, the oil and chemical were warmed somewhat and then allowed to 
cool. The undissolved chemicals often held in suspension by the cool oil 
were thrown down by centrifuging for a few minutes. An even distribu- 
tion of the oil over the doth was obtained by dissolving the required 
amount of the oil solution in ether and then applying the ether solution 
to the underwear. In a few minutes the ether evaporated, leaving the oil 
and chemical on the cloth. The treated underwear was then cut into small 
pieces, placed in a vial 23^ x 1 inch, the lice added and the open vial placed 
in the incubator. Every 12 hours they were examined, and the living 
lice fed. When all the lice were dead in an experiment, they were removed 
and the imcovered vial remained on the laboratory table until the experi- 
ment was repeated. By thus conducting a number of experiments with 
the same piece of tmderwear, it wak hoped to obtain some idea of the 
lasting properties of the chemicals as well as their toxicity. (Table XI.) 
Some of the preparations killed diuing the first day or two, after which they 
failed to kill, the oil being left without its toxic principle, due to the evap- 
oration of the chemical. Other cases may be noted where a relatively non- 
volatile chemical killed quickly dtuing the first day or two, after which it 
killed slowly or not at all. Such results were due to more volatile impurities 
which evaporated, leaving the less volatile and slow-killing chemipal behind. 

M Physical Properties Governing the Efficacy of Contact Insecticides. 

** Dr. P. W. Sperr kindly supplied a number of by-products o' the manufacture of coke for use in these 
etperiments. 



• • •< • • • • 

• • to • • • 5? 



• ••••••••• 

• ••••••••• 



8MMQ 2* ••••••• 



•^ •* * 



8 
S 

s I 

o gS 

2 5 

> « 



s 

0U 



9 



3 s 



n 



H 

S 



H 

O 

H 

< 

O 
H 



r« 



I 



S8 : :8' 



SS 
SS 
SS 

SS 
SS 

s* 

8» 



S 



:S 
:S 
:S 
:S 
:S 
:S 
:S 



S :S8 88SS 
8 :88 88*3 
8 :88 88*3 



S 



s 



• • • • ^^ • ^^ • ^^ 



8S 



5> • • • • i • O 



9* • • • • • o 
•••••• 40 



: :8§88 :8^ 8S 
: :888S8 :S^ 8S 



8 



8 



• • • 



S888S :S 



• • • o e o e e * 

* * * *^ 8 9 S • 



8* :§ :S8*8S : 



S 8 



888 



gggeoooegee eee 



ooeooo3 ooeeooeoooe eec«<*« oeoeeeoo 



O • • • 'fifiQ 

8* • • * 9 o e 
. . • . 9 »« ^ 



S :8 : :SS3 



ogoggoog 



.9 

-T 

S 6 
U o 

i s 

t 



.9 
7o 



T 



o 



o 



s 

2 



*^ "d ? 

•O *4 00 
«4 «N V) 

6 6 6 
222 



7 

T 



H 



O 

0U 



i 



T 






2i 



§ 



•5 "S "S " 



000 



i^i'llilll^l 



9 



6 6.„ 

220 

M m O 

^e « t^ 



000 
222 



*S6666666 
,32222222 




Sao to (» «« ^ 
10 ^ ^ V) ^ e to 



c< o^ 



o^ ^ 10 

•* •*> 00 



00000000660 
22222222222 



iiir 

^ ^ « 10 

to I/) 10 10 

• • • • 

0000 
2222 



•^ ^ ft 
t^ t^ ^ 



^ «0 C^ « 00 ^ 

c« 9 *» e^ •« <o 

ssssii 

• ^ « • • • 

06000 6 

222222 

00 vi* »« 10 00 to 

*» «e M » «4 wS 



000006000 

222222222 



50 



eeeeeeoM 



eeeeeo«ece 



3 

o 

2 
Q 

i 



8 

s 
Is 



3 



J. u 

s 



I* 



0U 



O 

o 

H 



« 



r« 






:::::: :8 
:::::: :S 

:::::: :8 
:::::: :8 
:::::: :8 

• •;;•;. O 

: : : :88 :2 
: : : :8S8® 
:8 : :?gS® 



• • • !*••• ^ 

•• • $•••! S 

: : : 8 :::::::: :S 

: : : g ::::::: :88 

• • ^^ • • • • ^^ * • • ^^ ^^ 

• • • 1^ • • • • O • • • Qk 

^^ • • • • ^S • • • ^^ ^^ 

^^ • ^^ • A • • • ^^ ^^ 



^^ • ^^ • ^^ • -^^ ^h ^s ^^ • • • • ^^ 

• • • «4 • ^« • JQ • o ^9 ^ • • • ■ ^9 



® :S88888SS® 



8 



888®88®®®® 8888 8 ® 82 ® ® ® 88 ® ® ® 88 88® 



oeeeeeioo 



e o e e 



eeeeeeeeoeeee 



T 



O 
.S 



wo 2 2 2 2 
§••3 "S "S "S 



o o o 



'^i^i^ 



« 



9ttt 



ssss 



o 

2 



^ooooooo 




^ ft 

si 



.s 

ar 

*o a 

o ». 
O 



^ 2 "O 
•© "o "3 



:iimj§iijssi 



sssss 

vN r4 lo g 

e e o o o p 
t^ r* t^ t^ t^ « 



o o o o o 
22Z22 

8<o <o *- •< 
o r« « 1^ 



52 



^ •«> fO 

r» •* e* 



00 M « 

*# e* Ok 

•o «o « 

t^ t^ *» 

• • • 

o o o 

8 S o^ 



51 






e e e 



«?! 



o o o o 



s 



8 

e 

« o •^ o 



o 



3 



2 

o 

H4 S 



8 

BOO 



1 

1 



Q 
H 
> 
•J 
O 



2 

-< 
o 

» 
O 

X H 

n o 

X 
H 

O 

H 

< 

O 
M 
OS 



9« 

H 
Q 

M 



« 



M 



< 

H 
O 



:3 



:S 



: :8 



8 :S :::::::::: :S :8S 
S :S :::::::::: :S :SS 
8 :8:::::::::::S88S 



• •A ••••••••A •^•••••••••••OQO Q 

• •^ •••«•••• Q^ 'f^ • • * * * * * * * * *<'}00^^ 



• • ^ 



S :S 



888^ 



• om ••••••••5 






M 



e o e 
e* « •* 



S8 



S 



• « 



O Q O O 



8e o 



s 



*n 



§8 



• o 8*'®2®2 



o o o 



• • • *QOOOa •O * * *0 'QOOOOOSS 



®®® 8888SSSg® §'^§§§§§§§§®§®'^®'^'^8'2 

eoo eeooeoooo oooooooeoooooooooooo 






O 



i 



n 



o 




ssssssss 

ooooooo^ 

«4 M M «0 «0 



dodddood 




a s s s § ss 

o o o o o o o 



^O ^'O ^'O *^ 
^ « lO ^ 





S83 

^4 v4 


« 

C4 


83 

« «0 


IS 






to to 


»o 

♦0 


•O 
fO 


•O 
fO 


»0 
fO 


fO 


fO 

•o 


• •••••••• 

ooooooooo 


« 




s 




3 


s 




s 




« W) O w> 

1^ o « M 

•* •* « 



^ t« r« 
CK q M 
•N el « 



52 



>3 

^8 



o e o o 



s 



e o o o 



e o o o e 



• • • • 

• • • • 



o e o e 



r« 



• • • 



• • • • 5 • 






S 



S : 



• • 



S 





CO 

•J 


M 

3 






O 


ss 






25 


z 






Q 


5«- 






H 


H 






> 








•J 
O 

CO 
CO 

Q 


RCBNTAGB 
48 60 






2 

-< 
O 






'8 


S 






<3 

1 






■ 


1 


o 






X 


H 






» 


> 

»>4 


« 




.J 


H 






A 


o 






tS 


-< 


t 






X 


o 






H 


H 






•^ 








^ 








Z 








o 








1-4 








H 








-< 








2 








O 








OS 




I 




O* 




P 




1^ 




1 

■2 

i 

2 



S : 



S : 



• • • 



> • • 
• « • 



• • • • o •«•••••• o 



s 



s 



• ••••••• ^^ * 



• ••••••• ^^ • 

• ••••••• OQ * 



• • • • 

• ■ • • 



O • • • ^ • • • • ^ « • • 0^ 
OOO *0 *00 • *9 



ss 



8SSS 



• • • 



S3SSS8:SSS8SS ""'.gSirtSSSSSS ::SS 



S8®28®82®2 



o o e 



888888®®®®SS 8888 



eoeoeoowioooeoo ooooooooooooo eooo 



00 

I 

O 



T 

o 

a 
1 



T 



OOO .o-jsooooooo^ 



f 

i 

2 



.9 

00 

<> I 

O -^ 

So 
.9.S 

^ * 

tf a^x?*o*o^^^^*o*o 
• ••3'o'3'3"o*3^'3'o3 



00 

I 

* 

u 

? 

O 

o 



.S 

00 

I 

o 
O 

a 



sssis Issssssss 



SS:ss;^8S 

•N « « lO lO lO 



lis 



SSS2S|||5 



Oc>«r4dr«c>«c>«Mf««Mr«c>« 



ooo'so3oooooooo 



31:0000000000 



o 
2 



•S 2 2 2 
^00^ 

Hit 



f« « « 



000 

222 

r4 «N t^ Q 
•* 10 ^ « 



53 



eeeeeeoeee 



e oeeoeeo 



8 



8 



8 



3 
S 

z 

Q 

3 



8 



:8 



:8 



8 



8 



• oS • * O 



8 






Y 






n 

< 



> 

H 
O 

< 

O 

H 

< 

o 

H 



C4 



« 



S 



:8 :88® 



8S888<> 



S 



88:8?:::::88: 



eooej^ogggggggggg gg3ggS8g8$S88888S8 



oee*oeeeeee 



eiooooooooeew)ooe 



•^T 






■^j ^3 ^3 ^3 ''O 

"o "3 "o "o ~^ 



9^S 

M C4 C4 M 



« 

O^ . 
^ C4 



"SJ ••3'33'3'3'o'5'o'3 

„ •^ f« « •*> «n lO 



o 



o o o o 



«Q «; fi ^ 

« a 2 ^ 

•^ us ♦! **• 

- 1 -I - 

Z>XZ 

M tf> ^ f») 

iO ^ «S lO 



<< 
« 

H 
Q 

O 

i 

B 



§ 

Z 
H 

& 



c<«Mr>*c>«(sr>*c>«r« 



oooooooo 



.s 



00 

I 

d 

o 

.9 g 



•0 



.s 

S 

T 

■ 

u 
O 

a 

.a 



'o'S^'o'o'o'o'S 






fO •*! fO *0 *0 *0 *0 **J 



M r« r« M M M d 
(s d r« M c<« d c<« 



S5 



^zz:zzzz:zzzSzzz7!iZzz 



54 



i 



ft ' 



•0 



e o e 



e e o e o 



s 






8 



S 



s 



:S 



:S 



S 



8 : 



8 : 



8 : 



8 : 



8 : 



• ^^••••••••^••••••* M* 



S8 



S 



:« : : : :S 

:» : : : :8 

:» : : : :8 

:« : : : :8 

:» : : :88 

8* : : :88 

8® : : :88 

8^ : :8S 



Y 



r« 



8S5::::8::gS::::::8 ®S :8888S®:::S2 



C4 



gS8888888SS8888888 "^^ 8S8<»ooog88o 



eeeotoeee 



eoeooeeoooeo 



2 

O 

H 

-< 

O 
H 
OS 



> 

S 
a 

H 

a 

s 



•3 "o 



.S 

«Q 
I 



e 
O 

^ "O tJ ^ tJ "O 

•9 "o "3 "o *© 3 



2 "d 2 



illliimill^mil 



88 



M S 3 v^ S 

m «4 M M 

(3 •O *^ *^ fO •*) 



.s 



T 

o 

m 

o 



O 

.S 2 

o « 



*0 *0 *C "O 

"3 "o "o "o 



::8SS$S38S 



•O t^ lO 

**> *0 t*J 



00 



•^ « f« 

00 00 00 00 
O^ 9^ o^ 5 



S CO M 



9 o o o o o 
Q4ZZZZZ 

«o 00 ^ ^ •* 10 

^ M V> O 1^ 0> 



000 

M fO 00 
o •« 9 
M C4 M 



•C o 

S8 



• • • • 

0000 

« « 5 S 

C4 M M 10 




«0 00 



<^ ^ 1^ s 

« « 10 ^ 



^ 10 1^ ^ 

00 00 f*# ^9 
f*> «0 ^ ^ 



55 









o 






o 

2 



Q 
H 
> 
•J 
O 

CO 



e 



s 






I?: 



M 

O 



1^ s 



o3 



CO 






Y 



H 
•J 

n 



> 
O 

o 

< 

O 
» 



M 



« 



« 






s 

M 

O 

o 

s 

m 



2 

o 

2 
M 

m 

0* 



8 S5 8 g 2 8 g ® S5 2 ® 



e o o 
55 « p« 



o o 



o e 



o o 
to S 



o o o e 

^ d C4 M 



e e o o 
^ « •^ « 



ooeeeoeeooo 



ooeeoeeo 



o e e e e o 



ooooeoeooeooeoo 

•^lOMP«*^<**** «o«3 «-«C<«*^ 



o 



o e o e o o 



o e o o e o o 



e 


o 


e 


ogo 


e 


o 


e 



eoooeeeoeoooeeeoooeoooeooeooooeoo 



M 



oOoeeoeoeoooeooeeoeoooooooo 



Qoeeeoeooeeoeooooooeeeo 



e o o e o 



e o o e o o o 



oeoeeoeoooeeoeoeoo 



oeoooooooeoe 



oeoeeooeoeoooe 



oooooooooeooooo 



M 



eoeoooooo 



o o o 



e e o 



e e o o 



o e o e o 



o o o o e 



o o o e e 



o 



eSeeeeoooooeeeoooeoeooooooooooeooee 

• _ _ _ ^ 

• 

. • 

• - ^ . . . ^ 

• ««•**••*•••*•••*•*■•••********•** 

• - - _ - _ _ 

• - .... 

• _ - _ . 

• ».••••*••••••*••••*«■••••■••••••• 

• . ..... 

• •-••■•••«••••••*••«*«,•••••■••••• 

• •.••••■•••••••••*«••..*•*••••*••• 

• ...... 

SM«4«4«4«4«4«4(»4MMM<SMMMf««i0t*)l0*O(O«0<0«0t*)fOl0<0«0«0 

^S33 33388333333338333338333833«««33 
S888:888888338388888S3«888338888388 

s 

•«««Mo«o««NMMC«Mdr4Mf««Md<»><0l0«0«0«0t*)t«}«0t0t»i<0«0«0«n9 



56 



THE LOUSE PROBLEM 57 

Lasting properties when worn, — ^The above experiments were at best but 
a poor index of the lasting properties of the chemical when worn. Further 
data upon this point were obtained by selecting a few of the best chemicals 
for impregnating pieces df doth, which were then pinned inside the experi- 
menter's imderwear and worn next to the skin. The patches were 48 
square inches in size and from day to day a piece of this imderwear was 
cut off and its toxicity to lice tested in the incubator. These experiments 
showed that there was a great difference in lakting properties between the 
previous experiments and those in which the cloth was actually worn. 
Further it was apparent that the light lubricating oil used in the experi- 
ments was soon taken up by the other clothing, thus greatly reducing the 
toxicity of the treated cloth. A number of solid, or semisolid fats and 
greases were used. (Table XII.) Heliotropine was one of the best chemi- 
cals, being apparently non-toxic to the skin and lasting as long as 168 
hours (no. 344) when used with cocoa butter, in which it was more soluble 
than in the other fats. Without the oil, heliotropine killed just as rapidly, 
but having crystallized on the imderwear it was soon rubbed off by the 
friction encotmtered in wearing. 

Toxicity of chemicals with and without oil, — ^The experiment with 
heliotropine having shown the oil to be unessential to toxicity, experiments 
were conducted using other chemicals with and without an oil. (Table 
XIII.) These results show that the oil is not necessary to the action of 
the chemical. In a few cases, the better results obtained without the oil 
were due to the use of larger quantities of the chemical than could be 
dissolved in the oil. 

Impregnation with salts of the phenols. — ^Since oils were found to be 
unessential, the question presented itself of converting certain phenols 
into their non-volatile sodium or calcium salts. These salts decomposed, 
the original phenol being slowly generated by the action of moisture and 
carbon dioxide given off by the body. These salts were used to impregnate 
pieces of underwear which, when dry, were worn as in the previous experi- 
ments. When the patches had been worn about 5 or 6 days, it was found 
necessary to exercise su£Giciently to produce perspiration before the phenols 
were present in large enough quantity to prove toxic to the lice. Thymol, 
carvacrol, and eugenol were studied to determine if the use of a less volatile 
phenol would have any influence on the period of effectiveness, but no 
such influence was noted. Experiments nos. 433 and 437 conducted during 
the summer show that the phenates are rapidly broken up and will last 
but 3 days during warm weather. 

Bacot's*® crude phenol soap preparation, which is no doubt a phenate, 
was tested. Since this preparation has been given field trials, a com- 
parison of the results of these methods with the results in the field could 
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be obtained. Bacot claims that a treated shirt would retain its insectiddal 
action for about a week, killing more slowly as time passed, but in these 
experiments 96 hours appeared to be aibout its limit of effectiveness. 

The phenates might be used to impregnate underwear for winter use, 
but owing to the large quantities of carbon dioxide given off in the summer, 
their value is greatly reduced. The search for other non-vola^e chemicals 
which by decomposition would liberate some active pediculidde was not 
successftd; hence a further study of volatile chemicals was undertaken. 

TABLE XV 

RBLATIONSHIP OP BOILING POINT AND VOLATILITY TO TOXICITY 

Valeric add 184M85* \ 
Phenyl iodide 188*" 



Craoeote 

Naphthaleoe 

Thymol 

Carvacrol 

Biagenol 

Heliotropine 

Coumarin 



TOT 

2\«* 

232« 

2ZT 

242* 

263* 

291* Subl. 



Kins 100 per cent within 12 hrt. 



Diphenyl 254* IXillt lOO'per cent within 24 hn. 

Alphanaphthol278*>280* / 



Phenyl salicylate 
Resordnol 
Betanaphthol 
Orthocresol bensoate 



172*-173*-12mm... 

276.S* 

28S*-286* 

293*-305* 



Kills 60-100 per cent in 48 hrs. 



Cinnanic add 300* 

Anthracene 360* 

Benddine 360* 

Thymol iodide not determined .... 
Paranitrophenol not determined. . . 
Gniacol carbonate. Decomposes. . 



Very sli^t volatility .... 



Kills not more than 50 per cent in five 
days 



Copper oleate not determined 1 Non volatile or nearly so. 

Zinc stearate not determined. / 

Relation of boiling point of the chemical to toxicity. — Inasmuch as other 
experiments with insecticides*^ have shown a relationship between the 
boiling point or the volatility of the chemical and the toxicity of its vapor» 
it was thought that a similar relationship might exist in these experiments. 
Table XV gives an arrangement of certain of the chemicals in such a 
manner as to show this relationship. In general, by increasing the boiling 
point, i.e., reducing the volatility, the time required to produce the death 
of the louse is increased. This increase is not necessarily due to a reduced 
toxicity, but rather to the smaller quantity of the chemical present in 
an atmosphere saturated with its vapor. Slightly volatile or non-volatile 
compounds fail to kill. It appears, therefore, that either the chemicals are 
unable to pass through the chitinous body-wall in any form other than 
a vapor, or that the chitinous body-wall is impervious to the chemical 
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in any form, and the chemical must enter the tracheae of the louse as 
a vapor to reach the thin chitinotis walls of the finer tracheae. 

Prom the data thus far presented, the following principles appear to 
be established; first, that a su:ccessful chemical must have a fair degree 
of volatility to make penetration into the insect's body possible, and 
second, that its lasting properties depend upon a very low volatility. The 
best chemical, therefore, must be one of very low volatility, but of very 
high toxicity, in order that the small amount of vapor which would be 
able to penetrate the insect would bring about its death. On the other 
hand, such a chemical must have a low toxicity to man, as otherwise skin 
irritation would result. 

Halogenated cresols. — Cresol and naphthalene have both received 
favorable notice as pediculicides, and of these two chemicals cresol appears 
to be the more toxic. It was therefore suggested by one of us (H.) that 
derivatives of cresol, especially halogenated cresols, might possess the same 
general toxicity of the cresol but possess a very much reduced volatility. 
Table XVI gives the details of the insecticidal value of these chemicals 
and their lasting properties when worn as in the preceding experiments. 
The introduction of a chlorine into the cresol molecule increases but little 
its lasting properties, while one bromine gives a decided increase and an 
iodine even a greater increase. Two chlorines are not equal to one bromine, 
but two bromines are greater than one iodine, while three bromines make 
a compound ineffcjctive as a pediculicide. The chemicals giving the best 
restdts were the dibromorthocresol, dibrommetacresol, and the dichlor- 
monobrommetacresol, which last nearly two weeks. These chemicals 
cause a very slight irritation to the skin during the first day or two, due 
possibly to certain portions which have not been completely brominated. 
One test was made with the sodium salt of dibromtricresol, but being 
soluble in water, it was brought into close contact with the skin when the 
body was perspired, and produced somewhat more irritation than the 
dibromcresol itself. 

The value of chlorine compounds of naphthalene having been previously 
studied, only the results with monobromnaphthalene, lasting 120 hours, 
and dibromnaphthalene, which was ineffective, are included in this table. 

Determination of volatility, — Inasmuch as the boiling point of a chemical 
is at best but a rough index of its volatility, an effort was made to devise 
a simple piece of apparatus to study volatility. At first an attempt was 
made to study evaporation by playing a stream of air from an electric 
fan over weighed squares of woolen underwear of equal size, upon which 
the substances to be tested were dropped. The loss of weight of these 
squares was determined, but was not uniform. The lack 61 uniformity 
in results was due to irregularities in ventilation, owing to lack of tini- 
formity in the air currents. 



s 



i 



D 
O 
B 

Z 






^5 



2 5 



O 
H 



H 



B 



«<»eeeeeoe 000*^00000000*00 0*0 



O O • • • O * * Q • • • o •••••«•• A • • A < • • 

^4 ^9 « • • gQ • • (^ • • • ft^ >••«•••• ^^ • • ^1 • • • 

8 8 : :88 : :8 :: :® ::::::: :8 8 :8 : : : 

8 8 : :88 : :8 :::«::::::: :88 :S : : : 



a 

§» S::88::8 :::®::::::::88 :S 



2 9^ g : :88 : :8 :::©::::::: :88 :$::::::::§ 

§8 8::888:® :::«::::::::88 :S::::::::8 

S §3 8 : :88 88® :::©::::::: :S 8 :2 :8 : : : : :88 

Z ^ O ••00000 ••Ao***0***000 'O^Oa'OO'OO 

H **> ?«**9993 ••^•••o*>*om3 •^•3>*eO'«« 



S ®:8SS8S® ::8®:888:8:S®S :®:8:8S8888 
®8S®®88® 88S®88®S888S®® 8®8®88®88®g 



IOlOW>IO»OW>tf>lO W}W>tf>»OIOlOlOlOtf>W>W>«0«OlO M}IOIAW>VtlOW>VtV>V>tf) 



SSSS8|58 S5RSS55S85SS2? Illllllllll 
gggggigg IgEgEEEeegegEE S9SRS8SSS|8 



*^^ ^-^MCNICilM 



» » 



i ^ i ^ g 

^ » I le > S 



« U3 



fit! 8 

wS S o Csb33«3853k 

il I .1 11 I 

li 11 11 I 

sa a a i3 s ia 

66 



§i 



a 

g o ::::::::::: : :S 



a* 



^ 



eeeeeeeee e^s e^ie eee ee 



8 S 



e 


•s 


* = s 


s 


• O 

• 


:$3 


8 


• 


:33 



$ 8 :::::::::: :8 :* :tt 

S 8 :::::::::: :8 :* :S8 

2 gc 8:::::::::::S :» 






:© :38 : : : :::::::::: 
§S 8 :::::::::: :5 :® :S® : : : ::::::::§: 



o 

M 



g §5 8 :::::::::: :8 :«^ :S<* : :8 ::::::: :88 

, 5 e. 

12 9 S o*«*eee 'O eee fi*S ***'fiS*'SS 

I 2 

T< S S:::::$:8:8S<* i" 88« 8:8 ::::83:888 

M 13 S 8888888S88«3« 8<> 8»« 88^ 8888888888 



o 5 

< 
o 



• ; • • • ^ Ji Ji II' • • 

t iiiiiiiiiiiii Ji i Iff 1111111'^' 

i sS9£!S88S!S8SSS ^^ 



a 



SSS5K ** 9 8 I I 



8 2 & 8 



«««««««««««« 



s s 



g '£ S I S iS 






67 



u 



m 



5 



9 0*^ eoe eooeee 



• • • • • 



= 5 

I 

a 



o e 



e e o e 



o 



8 



S 



i 



S» 



3 5*^ 
"8 



S 



I 

I 



« 

< 

H 
O 

, 3 

J. < 
g « 

H 

< 

O 
H 
OS 

a< 



M 



9 






« 



« 



I 






:8 
:8 
:S 
:$ 
8$ 

8* 
888" 



888* 



3 



S98S 

M «« CI 









8:3 



Q 
A fi> lo ro A 



• A •••••• 

• ^ •••••• 



• ^ •••••• 



• ••••• 

• ••••• 



• ••••• 

• ••••• 



A • • • A • • 

f; . . • e • • 



■ A««*Q** 






8 * * * 9 * * 
M • • • « • • 



SSS :SSSS : 



• • *90 * * • 

• • ' w6 §0 * * 






: 8 8 
: 8 8 









• • ••• • •© 






: 8 3 



: 8 8 



888»88SS88 8 8 8 8 « 8 8 



w>tf>iAv> v>«ow>iotn<oi#)<otf>*'> 



W) W) W) 



M) W> W> 



c S S c 

U3 .a U3 U3 

« 

m 



V" 



i>>.IIJgi^^ 



* $S3S!S8 



g 

^383 



^ ^ •« C4 M 



^ ^ 



s 



I 



1 

I 



I 



8 






I. 



1 



I 



8 

! 



3 



I 



5 
1 



8 

e 






3 



B3 8 3 g 



3 3 3 8 8 



I 












liljslllllllilill 



68 






• ••••• 






e o o 



o 

CM 



3 



t 



§2 

a • 



CO 



s 






3 



1 

> 

•J 
m 



Q 
H 
H 

< 

H 
O 
O 
•J 

< 

s 

o 

< 
o 

H 



9 

M 



88 



S9 

H 



C4 



M 



i 
^ 



a 

z 



S 






S 3 



8 8 



S S S 8 



S 



8 S 



O 
M 



W) 



«o 



«o 



W) 



«o 



Vt 



«o 




•8 



§'ISg'l§§1§ 



00 



00 

Ml 



8 

s 
s 



o 



8 

8 



§8888° 3g 

--- a » 

I" 

"id 

:::::: « ^ 

a • • • • • A fi 



^ ^ 



8 « 3 8 



•II 



8 S 3 8 



«0 



C« O ^ 00 O 
« r» c« t« «B 
Mb m v> m ^ 



S 

a 

1 

M 



69 
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Upon the advice of Dean John R. Allen, of the College of Engineering 
of the University of Minnesota, the apparatus described below was con- 
structed and proved satisfactory. (Figure 2.) A chimney of galvanized 
iron 2 . 8 meters long and 46 cm. in diameter was constructed, and an oblong 
door 35 cm. in length was cut in 96 cm. from one end. This door was 
closed with a latch and the apertures along its edges were sealed with a 
mixture of beeswax, paraffine, and vaseline to avoid the entrance of air. 
Across the central axis of the chimney just below this door were soldered 
three horizontal iron rods, and on these were laid a platform of stout wire 
mesh. It was upon this platform that the samples for evaporation were laid. 
A 12-inch electric fan was now placed within the chimney about 40 cm. 
from the end nearest the wire platform. It was placed exactly in the mid- 
axis of the chimney, facing away from the latter and at right angles to its 
long axis, so that when turned on, the stream of air was sucked, not driven, 
across the surfaces for evaporation. Tests made with tobacco smoke 
introduced at the ftirther end of the chimney showed that the currents 
of air twist somewhat along the outer 2 inches of the chimney, but the 
currents down the greater part of the Itraien were practically uniform and 
parallel to the long axis of the chimney. Uniform evaporation might, 
therefore, be expected from surfaces exposed anywhere, except at the 
extreme outer portions of the chimney's Itimen. As will be seen, this 
expectation was well borne out by the experimental test. 

It was found, however, that when squares of woolen doth were used, 
the change in weight of the square, when cut from the same piece of goods, 
was far from being uniform, and that changes in the hiunidity of the air 
from hour to hour were followed by great and irregular changes in the 
weight of the squares. These variations were too large to permit the 
cresol evaporation from the cloth to be studied by simple weighing. 

Accordingly, the substances were placed in the lid of small weighed 
Petri dishes, 7 cm. in diameter, enough substance being used just to cover 
the entire surface of the dish. In the case of crystalline compotmds, 
these were first melted in a tube and then dropped upon the slightly 
heated dish, spread evenly while still in liqtiid form and then allowed 
to crystallize. In this way they also covered the entire surface of the 
dish, presenting the nearest approximation to a uniform surface (38.5 
square centimeters) that was possible. In the case of the dibrommono- 
chlormetacresol, the melting point was so high that it was fotmd more 
convenient first to dissolve the substance in ether and then to transfer 
the solution to the Petri dish and evaporate off the ether. 

The dishes were then weighed and placed on the platform in the iron 
chimney, distributed symmetrically on both sides of the midline. The fan 
was then turned on and air sucked through the chimney for periods of half 
an hour, after which the dishes were weighed again and the loss of weight 



Figure 2 
Sketch of apparatus used in the study of the volatility of different chemicals 
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determined. The loss of weight was quite as uniform as could be expected, 
the uniformity in the average changes being especially so. The rate of 
evaporation of the chemical ^ows a general conf onnity to the duration of 
its pediculidde action. (Table XVII.) 

TABLB XVII 

EVAPORATION PER HALF HOUR OF FANNING AT 72*-7S* F. IN PETRI DISH 7 CM. IN 

DIAMETER (ABOUT 38.S SQ. CM. SURFACE EXPOSED) 

MOLSCULAS CKSIOL 
CKBSOL COBPFICUNT. COBPFICIBNT. 

MnXIGEAMS "^ suBtTAmai GmAM molbculss 

MO. cassoL. Gram molbculbs 

BVAPORAniCO CKBSOL 

Metacmol 3S.5 1. 1. 

MonobromflMtacretol 6.t 0.177 0.102 

DibrommetocTMol 5.S 0.15 0.0609 

TribrommetacfMol 0.3 0.008 0.0024 

Dtbrommonorhlomietoctcgol 0.4 0.010 0.0036 

Dicfalormoiioliroininetacreiol 0.5 0.013 0.0055 

Crude cretol treated with 2 Bn liquid portion 0.9 0.0234 

Crude cnaol treated with 2 Bn crystal portion 0.45 0.011 

Relationship to volatility, molecular weight, and toxicity to pediculicidal 
cu:tion. — Lrater experiments with the evaporation apparatus were carried 
out in a different laboratory, using a different fan, and were conducted at a 
different temperature; hence they can not be compared directly with those 
previously given. The Petri dishes used were uniform in size, giving a 
surface of 40.5 sq. cm. The temperature of the room was 25®-26® C. and 
the relative humidity varied between 50 to 65 per cent. The fan revolved 
at such a rate that a puff of tobacco smoke was carried the full length of 
the apparatus in 5 seconds, determined by a stop w&tch. A piece of sheet 
rubber packing was fastened on one side with adhesive tape and fitted 
under the door. By closing and clapping the door over this packing, all 
penetration of air along the edges of the door was prevented without the 
use of the mixture of beeswax, parafltee, and vaseline used previously. 
A glass plate was substituted for the wire netting, thus furnishing a more 
level surface for the Petri dishes. Loss of weight due to evaporation or 
gain in weight due to the absorption of water during weighing was pre- 
vented by weighing the dishes with their covers in place. The evaporation 
of compounds such as benzene was found to be retarded, due to the cooling 
effect produced by the rapid evaporation. By using a larger quantity of 
the chemical, 15 c.c. to 25 cc, and running for periods of one half to one 
minute timed with a stop watch, this was overcome to a large extent. 
Less volatile chemicals were run for 15 to 30 minutes and in some cases for 
several hours between weighings. The first weighings usually did not 
represent the true loss by evaporation, since many of the chemicals first 
took up water, often so large an amount that an increase in weight resulted. 



72 



MOORE AND HIRSCHFELDER 



Curve 5 shows such an increase and also a comparison of the rate of ab- 
sorption and rate of evaporation between dishes exposed inside and outside 
of the evaporation apparatus. The rate at which sulphuric acid will take 
up water in such an air current as compared with the still air is given in 
Curve 6. Impurities more volatile than the chemical to be tested were 
another source of error in the first weighings, hence only those weighings 
obtained after the loss had become uniform were accepted as representing 
the rate of evaporation of the chemical. 

Cmids 
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Curve 5 

Showing gain and loss in weight of 2 grams (A and D) and 5 grams (B and C) of meta- 
cresol exposed in the evaporation apparatus (B and D; and outside the appa- 
ratus (A and C). Temperature 22-24" C, relative humidity 55 per cent 

Considering the possible substitutions in the benzene ring, the alde- 
hydes are, as a rule, too tmstable to give good results as pediculiddes; 
while the amino and nitro groups are too toxic for the purpose. Only one 
hydroxyl group may be used since two hydroxyls reduce the volatility to 
such an extent as to make the chemical ineffective. Iodine is not abundant 
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Curve 6 

Showing the increase in weight due to the absorption of water bv 9. 2 grams of 
sttlphuric acid exposed in the evaporating apparatus (upper curve) and outside appa- 
ratus (lower curve). Temperature 22®-24®C., relative humidity 55-60 per cent 
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enough to be used on so large a scale. There is left the methyl and similar 
groups, together with chlorine or bromine, as possible groups to be used 
to reduce the volatility. One hydroxyl group will furnish the desired 
toxicity to the chemical. Table XVIII gives the restdts of a study of 
possible compounds. When tribrommetacresol failed to kill it was thought 
to be due to its low volatility, but further study shows that even com- 
pounds much lower in volatility will kill quickly providing they have a 
high toxicity. Molecular weight or the size of the molecule appears to 

TABLB XVIII 

SHOWING IN GRAMS THB QUANTITY OP BACH CHBMICAL BVAPORATBD PROM 1 SQ. 

IN. PBR H HR. AT TBMPBRATURB Td^'-TS* P. 



Chsmical 



Toluene 

Xylene 

Monobrombeuese . 
Monoiodobensene . . 

Bensftldehyde 

Paradichlorbensene. 

Bensyl ftloohol 

Anilin 



Mononitrobenseae . 

Orthocreeol 

Phenol 



Penicraiol methylether 

Orthocreeol methylether 

Metacreiol 

Tricree61'-35 per cent ortho. 40 per cent meta, 25 per cent 

para 

Metacresol 

Paradibrombeniene 

Paracreeol 

Monobrommetacreeol 

Naphthalene 

Xylenol 

Monochlororthocreeol 

Monobromnaphthalene 

Paradilorphenol 

Monobromzylenol 

Monoiodoorthocreeol 

Dibrommetacreaol 

Carvacrol 

Dibromtncretol 

Dibromxylenol 

Bngenol 

Tribromphenol 

Monobroncarvacrol 

Tribronunetacreeol 

Heliotropine 

Dibromnaphthalene 

Dibromencenol 

Mftt>i1initT*^N*fifffflfti 

Alphanai>hth<d 

Reiorctnol* 

Paranitrophenol* 

Ordnol* 



Grams pbr 1 sq. Mol. 

cm. pbr h hk* wsigbt 

1.0339 

.2968 

.09815 

.08592 

.0237 

.01214 

.010483 

.0048086 

.00457 

.003061 

.002987 

.002185 

.0016814 

.0016148 

.0013407 

.0012479 

.001180 

.001120 

.000881 

.0008617 

.0008609 128.1 

.000824 122. 

.000800 142.46 

.0007654 206.92 

.000707 128.46 

.000679 200.92 

.000572 233.92 

.000560 265.84 

.00034 149 

.000271 265.84 

.000237 279.84 

.000171 164 

.0001673 330.76 

.000142 227.92 

.0001 344.76 

.0000905 150.1 

.0000781 285.84 

.0000360 323.94 

.0000074 168 

.00000567 144 

.00000000 110 

.0000000 139.01 

.0000000 110 



TiMB RBQUntBD 
TO DLL UCB 



within 12 hn. 
within 12 hra. 
within 12 hra. 
within 12 hra. 
within 12 hra. 

within 12 hrt. 
within 12 hra. 
within 12 hrt. 
within 12 hra. 
within 12 hrt. 
within 12 hrt. 
within 12 hra. 
within 60 hrt. 
within 12 hn. 
not killed 
within 12 hra. 
within 60 hrt. 
within 20 hrt. 
within 12 hrt. 
within 72 hn. 
not killed 
not killed 
not killed 



* Probably oiidiced since a slight increase in weight was noted. 
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have some bearing on the question. Whether the size of the molecule 
influences the penetration through the chitin, or whether the weight of 
the molecule influences the results by slowing down the rate of diffusion 
of the vapor, is not known. On the other hand, the bromine may act by 
reducing the toxicity of the chemical, since dibromeugenol, where the 
bromine is on the side chain, does not influence the toxicity as much as 
tribromphenol, tribrommetacresol, or dibromnaphthalene, where the bro- 
mine was introduced in the benzene ring. 

Turning to the practical application of these data, it was found that 
the best of the less volatile compounds, dinitrobenzene, cotdd not be used 
because of its high toxicity. Heliotropine tends to crystallize and is rubbed 
off the underwear by friction, while monobromcarvacrol disappeared from 
the tmderwear in ten days' time. Dibrommetacresol and the monobrom-, 
dichlormetacresol was worn in warm weather under a B. V. D. suit of 
underwear and lasted 13 days, while monobromcarvacrol was worn in the 
cool autunm weather under a suit of gauze underwear. The rapid disap- 
pearance of the monobromcarvacrol can not be explained on thts basis of 
volatility since it is only about one fifth as volatile as the dibrommeta- 
cresol; hence it must either be due to a more rapid absorption by the skin 
or to absorption in the surrounding clothing. If the latter view is correct, 
which appears probable, a field trial where the entire clothing wotdd be 
treated should give better results with monobromcarvacrol than with 
dibrommetacresol. As far as our own tests upon pieces of cloth have 
actually demonstrated, however, the most lasting restdts have been obtained 
(in order of efficacy) with the sodium salt of the dibrominated crude cresol, 
the monobromdichlormetacresol, and the dibrommetacresol. A field study 
of these chemicals has not been possible, due to the signing of the armistice. 
All that can be stated concerning their value is that, under laboratory 
conditions, they give better results than are obtained in experiments with 
preparations already tested in the field; hence it is reasonable to hope 
that they wotdd also prove superior under field conditions. 

Summary 

The entire investigation may be briefly summarized as follows: 

1. Lice may be reared under incubator conditions in large numbers, if 
fed with human blood twice daily, but under such conditions the life cycle 
is slowed down, and the daily and total ^gg production per female is reduced. 

2. Fever, rash, and a general lassitude are produced as a result of the 
louse bites. 

3. Lice and their eggs are destroyed by the ordinary laundering processes 
used in the washing of cotton and khaki goods; for woolens slight altera- 
tions in the methods of washing are necessary. 
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4. Chlorpicrin may be used for fumigation of garments, accomplishing 
the desired restilts in a short period of time, with a small quantity of the 
chemical, without the use of high temperatures. 

5. The sachet method of controlling lice is ineffective or very expensive. 

6. Louse powders may be used with success but, being a wasteful 
method of applying an insecticide, are not recommended. 

7. Impregnation of the underwear is the most promising method of 
louse control between lousings. Active chemicals of very low volatility 
are necessary to prove effective for the longest period of time. Halogenated 
phenols such as dibrommetacresol, dichlormonobrommetacresol, and their 
sodium salts, dibromcarvacrol, and dibromxylenol were found to be the 
most promising under laboratory conditions. 
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APPENDIX 

THE PREPARATION OF CERTAIN OF THE COMPOUNDS 

USED IN THE EXPERIMENTS 

Since this resiearch was undertaken with the purdy utilitarian purpose of obtain- 
ing substances best suited for the lolling of lice, this aim, ra^er than that of detailed 
chemical study, has remained paramount. Some of these substances such ils 
dibrommetacresol, monobromdichlormetacresol, and dibrommonochlormetacresol .are 
not described in Beilstein's Handbuck der organischen Chemie, Richter's Lexikan der 
Kohlensioff'Verbindunien, nor Aberiu^den's Btochemiukts Haudlgxihon^ 4ior in any of 
the articles of the literature consulted. 

Brominaied cresols. — Brominated cresols were prepared from stock samples 
(Kahlbaum) of orthometa and paracresol in two ways. First, the bromine was intro- 
duced into the benzene ring by the method which Koppeschaar described for the 
quantitative determination of cresol, using a mixture of sodium bromide 5/10 grm. 
mol. ("51.5 grm.) plus, sodium bromate 1/10 grm. mol. ("IS.l grm.) p^ liter. 
According to formula 
5 NaBr+NaBrOs+6 CHs COOH-3 Br»+6 CHs COONa+3 H3O 

1/10 grm. mol. of the cresol (10.8 grm. ■> 10.5 c.c. at 25^) or a proportionate 
amount, was first dissolved by adding sodium hydroxide solution, and the necessary 
amount of brominating solution, followed by sufficient glacial acetic add to insure 
an excess, to bring about the desired one of the following reactions: 

(1) CHsCsmOH +Br3 - CHsCsHsBrOH +HBr 

(2) CHsCsH40H +3Brs - CHsCsHsBr^OH +3HBr 

(3) For metacresol only 
CHsC«H40H+3Br3 -CHsCtHBrsOH+3HBr 

The mixture was always shaken in a mechanical shaker and allowed to stand from 
a few minutes to an hour until the reaction was complete. Completeness of the 
reaction was always tested by taking a small aliquot portion of the supernatant 
liquid as a sample adding 1-2 grm. KI, diluting with 20 c.c. HaO and allowing to 
stand in the dark for 20 minutes, after which a little starch solution was added and 
the excess of iodine was titrated with n/10 sodium thiosulphate. Tho there was 
usually a trace of iodine liberated, the brominating reaction was usually practically 
complete within a few minutes. 

The second method and the one which was used in making most of the bromine 
compounds was suggested by Professor W. H. Hunter of the School of Chemistry of 
the University of Minnesota. The cresol was dissolved in glacial acetic add (200 to 
500 C.C. per gram molecule used) in an Erlenmeyer flask, and a bit of fine bright iron 
wire was introduced as a catalyser. The required amount of bromine (Br "80, sp. 
gr. 2.99; Bra * 160/3 "53.3 c.c.) was then measured out into a separatory funnd and 
allowed to drip slowly into the Erienmeyer flask c(»itaining the cresol and acetic add. 
Where relatively large amounts of bromine were used, the flask was placed in an iced 
bath. The reaction, as tested by the amount of iodine liberated on addition of KI 
to a sample, was found to be almost quantitative at the end of one hour. 

The glacial acetic add was then diluted with ten or twenty volumes of water, 
and shaken in a mechanical shaker for five minutes, after whidi it was allowed to 
stand for a few minutes, during which time the heavy brominated cttacA settled to 
the bottom. The greater part of the supernatant liquid was then decanted off. 
When the brominated cresol was a solid, it was filtered off on a Buchner funnd; 
when a liquid, it was removed by means of a separatory funnd. In either case, the 
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excess of halogen was removed by shaking with an excess of 5 or 10 per cent sodium, 
thiosulphate, and allowing it to stand about an hour. This procedure removed not 
only the free bromine, but also liberated any bromine which might have replaced the 
hydrogen in the hydroxyl group of the cresol, for Dits and Cedivoda have shown 
that when more than the equivalent of 2 Bri is added to ortho- or paracresol, or when 
more than 3 Br^ is added to metacresol, such products are formed. When the proper 
amounts of bromine to exactly conform to the reactions (1), (2), and (3) above men- 
tioned have been added, no appreciable amounts of these OBr compounds are formed. 

After the substance was digested with sodium thiosulphate, the supernatant 
liquid was removed and the brominated cresol was shaken with dilute sodium bicar- 
bonate solution until the supernatant liquid remained just alkaline to phenolsulphon- 
phthalein. The chemical was then repeatedly washed by shaking with distilled water. 
The end product was finally separated from tiie water in a funnel or by filtration. 

Chlorine was introduced into the benzene ring in the same general way, by dis- 
solving the cresol in a counterpoised flask containing the cresol dissolved in glacial 
acetic add cooled in an ice bath, and then passing in dry chlorine gas until the desired 
gain in weight was attained. As in the case of bromine, a bit of iron wire was used 
as the catalyzer. The chlorine was generated in the usual way by dropping concen- 
trated hydrochloric add from a separating funnel into a flask containing manganese 
dioxide. The flask was immersed in a boiling water bath. The chlorine was washed 
and dried by passage through water and concentrated sulphuric add. 

Excess of chlorine was tested for in tlie same manner as excess of bromine. The 
reaction, however, was complete, as in the case of bromine. 

The dibrommonochlormetacresol was prepared from the dibrommetacresol by 
dissolving 28.6 grm. (1/10 grm. molecule) of the latter in glacial acetic add, adding 
a little bright iron wire, and then placing the flask in an ice bath and passing in dry 
chlorine until the flask gained 7.1 grm. in wdght ("Cli). After an hour's standing, 
a sample was tested with KI and thiosulphate and the reaction was found to be 
practically complete. The product was then prepared and purified in the same way 
as the other halogen derivatives. 

The monobromdichlormetacresol was prepared from monobrommetacresol, by 
passing in 14.2 grm. ("2 Cb) instead of 7.1 gram chlorine. 

Iodine was found to enter the bensol ring of cresol somewhat less readily than 
chlorine or bromine. It was therefore introduced in an alkaline medium by the 
method described by Redman, Wdth, and Brock, for the quantitative estimation of 
cresols. In one liter of normal (84 grm.) sodium bicarbonate 10.3 c.c of cresol were 
dissolved and into this was poured (23.4 grm. • 1/10 gram molecules or multiples 
thereof) iodine which had been dissolved in 10 per cent KI solution. The mixture 
was shaken, addified with acetic add, digested, and finally washed in the manner 
described for the chlor and brom derivatives. 

The iodo cresols were tarry masses with a sticky consistency and a very disa- 
greeable odor, which facts considered with their lower killing power and much greater 
expense, render them less desirable for use as pediculiddes. 

After a considerable degree of success had been attained with the above men- 
tioned halogenated metacresols, an attempt was made to brominate the crude cre- 
sols. When quantities equivalent to 2 Bri per molecule cresol were added to crude 
tricresol, the reaction proceeded quantitatively with the usual rapidity and a thick, 
syrupy liquid containing some small crystals was obtained. For purposes of brevity 
this was designated as "dibrominated tricresol," tho it was recognized that it was a 
mixture, and in all probability contained some monobromcresols and some tribrom- 
metacresol. However, after the usuall digestion with thiosulphate used in the process 
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of purification, there were certainly no -OBr compounds present in the substance 
when tested on the lice. 

A similar preparation designated as "tribrominated tricresol" was also made 
using an equivalent of 3 Bra per molecule of tricresol. This contained a definite 
excess of Bra at the end of the hour, about equal to 1 Br. If, as is frequently the case, 
about 40 per cent of the tricresol is in the form of meta cresol, this would correspond 
very well to a yield of all the metacresol in the form of the tribrom compound and all 
the ortho and para in the form of dibrom substitution products. 

In the course of bromination, a mass of beautiful needle-shaped crystals sepa- 
rated from the glacial acetic add and was removed on a Buchner funnel. This, when 
purified, was designated as "tribrominated tricresol crystals" and the substance derived 
from the filtrate was, after purification, designated as "tribrominated tricresol liquid" 
altho, as a matter of fact, it probably represented chiefly dibrominated com- 
pounds (ortho- and paracresol). It crystallized into a homogeneous chocolate-like 
mass after standing several days. 

Tested in the evaporation apparatus, the "crystal" fraction showed 0.45 mg. 
evaporation and the "liquid" fraction 0.9 mg. per half hour. 

SeparoHon of metacresol from ortho* and paracresol in crude j^escl. — Since meta^ 
cresol now on the market is quite expensive, it seems possible that this might be 
cheaply prepared for the purposes of this work by the method which has been de- 
scribed by P. Riehem. Riehem adds barium hydroxide solution to the crude cresol 
and concentrates the mixture. All the other salts crystallise before the barium 
metacresylate which remains in the mother liquor. This can then be freed from 
barium by the addition of mineral adds which causes the cresol to separate. The 
original ortho- and paracresol and all the barium used can, of course, be regained 
quantitatively. 

Salts of cresols. — The compounds formed by cresols with various hydroxides 
were briefly studied. The sodium cresylates are suffidently well known to require 
no further description. The sodium salts of dibrommetacresol and monobromdichlor- 
metacresol were prepared by one of us by adding 3 per cent NaOH to an excess of 
the substance and allowing the mixture to stand upon which the excess settled out. 
This method seems at present to afford the greatest promise of all and warrants fur- 
ther investigation. The only drawback in practice seems to be the readiness 'with 
which sodium cresylate is soluble in water. 

Upon standing or heating with caldum hydroxide, dther solution or solid, cald- 
um cresylates were readily formed. These caldum cresylates are somewhat less water- 
soluble than the sodium salts, and should therefore prove more useful. 

The barium compounds are also readily prepared, but on account of the great 
toxidty of barium they could not be used in this work. 

The aluminum cresylates have been described by Gladstone and Tribe. They 
are readily formed when the corresponding cresol is heated to its boiling point with 
aluminum under a reflux condenser in the presence of a small quantity of iodine. 
The reaction then proceeds with great violence, and in our experiments this was so 
great that several condensers and flasks were destroyed. By adding the cresol in 
relatively small fractions (not more than 50 c.c. at a time), however, no difficulty was 
encountered. The aluminum cresylates as described by Gladstone and Tribe are 
very unstable and break up at once upon contact with the air, to yield aluminum 
hydroxide and cresol. 

Magnesium hydroxide readily forms a water-soluble cresylate with cresols, simi* 
lar to the caldum cresylate. 

Much might be hoped from a zinc compound, should it have properties some- 
where midway between those of the magnesium and aluminum salts. Ndther metal- 
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lie sine nor sine oxide, however, 3rielded a well-defined, soluble or insoluble zinc cresy- 
late, nor was one readily obtained by the addition of sine chloride to aqueous solu- 
tion of sodium cresylate. It is possible that such a compound may be prepared by 
the action of zinc diloride upon dry sodium cresylate and if so, that its homologues 
made from sodium dibrommetacresytate or sodium monobromdichlormetacresylate 
might prove more useful than any of the substances studied. 

Ferric hydroxide and ferric chloride in the presence of cresol dissolved in sodium 
hydroxide solution also failed to 3rield well-defined cresylates. 

DBSCRIPTION OP THB HALOGBNATBD CRBS0L8 

MonochlororthocrMol light tan to orange colored; colored needle-lilce cryttalt 

Monobronorthocreecd brown liQtud 

Monochlormonobromorthocreed lii^t orange, ihort and rather thick needle-like cryttalt 

Dihromorthocretol white needle-like cryttalt, gradually tttming to tan color on ttanding 

in doted flatk. m.p. 66*-6S^ 

Monoiodoorthocretol dark reddith brown liquid 

DiiodoorthocrttoL 

Monobrommetacretol light brown liquid, rather difficult to cnrttallise, even in (reeting 

mixture. When cryttalline, it formt white to orange needle- 
like cryttalt. Att. evaporation per half hour ventilation 
6.Smg. 

Dibrommetacretol white to light brown tilky cryttalt. Average evaporation per^haU 

hour ventilation* 5.S mg. m.p. 70* 

Dibrommonochlormetacretol. ...... .white needle-like cryttalt, gradually turning to light tan. Average 

evaporation per half hour 0. 4 mg. 

Ilonobromdichlormetacretol fine white needlet; average evaporation per half hour 0. 5 mg. m.p. 62* 

Tribrommetacretol white to orange-yellow needlet; average evaporation per half hour 

0.3 mg. 

Monobromparacret(4. light brown liquid 

Preparation of other chemicals, — Among these may be mentioned cresyl benso- 
ate, methylene dicresol, monocresyl phosphate and tricresyl phosphate, and a liquid 
distilled from aluminum cresylate at a temperature above 273^. This liquid had a 
pleasant odor resembling geraniums. It has been described by Gladstone and Tribe 
as containing both cresyl ether and cresyl ketone. In spite of its high boiling point 
and the fact that it at first killed lice, it soon lost this power, which originally may 
have been due not to the ether or the ketone, but to impurities remaining in the sub- 
stance. It was not studied further. 

A mixture of di and tetrachlor naphthalene was prepared by the method of Emil 
Fischer (mixing 'napthalene with powdered KClOs and dropping balls of the mixture 
into concentrated HCl). This also failed to give further promise, as did also the 
mono- and dibromnaphthalene prepared by the action of Bri and 2 Bra respectively 
upon naphthalene in glacial acetic add. Neither of these compounds was nearly 
as satisfactory as the corresponding compounds of cresol, and the higher bromine 
compounds were therefore not prepared. 

At an early stage of this work, dinaphthylmethane CHi^ p^^u? was prepared by 

the method of Grabowski (by the action of 1 part methylal on 5 parts of naphtha- 
lene in chloroform to which 5.5 c.c. concentrated sulphuric add was gradually added). 
This substance also was not suited for the louse-killing. 

Attempts to produce pediculidde substances by the action of sulphur upon 
naphthalene and by the action of sulphur upon hexemethylene tetramine, as well as 
upon ammonia and formaldehyde in alkaline solution yielded nothing which gave 
any promise. 

* 72*-75^ p. Evaporation tetted in apparatut detcribed. Evaporation of metacretol per half hour^ 
3S.5 mg. 
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